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PREFACE 

Data related to tractor power are kept up-to-date by the U. -S. 
Department of Agriculture and are published periodically in the Farm 
Cost Situation.  Estimates for 19^0-62 are in the November 1964 Outlook 
issue.  Data related to total farm power are also estimated periodically. 
The writer acknowledges the help of Paul E. Strickler in obtaining 
current estimates. 

Washington, D.C. November I966 

For sale by the Superintendent of Documents, U.S. Government Printing 
Office, Washington, D. C, 20402 
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SUMMARY 

Total farm power available to farmers increased from about ^0 million 
horsepower in 1920 to 385 million in 1962.  Tractor horsepower (maximum belt) 
increased fromi)iOO,000 to 162 million during this same period.  The demand 
for additional new tractors evolved from many individual farmers maintaining or 
adding to their stock of tractors.  In this report, a single-equation regression 
model is used to explain aggregate tractor horsepower purchases for the United 
States between 1920 and 1962.  Tractor horsepower purchases are expressed as a 
function of economic, technological, and personal preference variables.  They in- 
clude tractor horsepower on hand, crop production, ratio of tractor prices to prices 
received for products sold, size of new tractors purchased, age of tractors, and 
number of farms. 

Both short- and long-run elasticities of all the independent variables are 
estimated.  Long-run elasticities are estimated by considering the influence of 
earlier time periods.  The elasticity of demand for tractor horsepower purchases 
with respect to the real price of tractors  (ratio of tractor prices to prices 
received for farm products sold) ranges between 1.7 and 2.7.  The differences be- 
tween the short-run and long-run elasticities suggest that 89 to 93 percent of the 
adjustment is completed in the first year.  This elasticity of demand with respect 
to the real price of tractors has been lower in recent years. 

The average relationships between tractor purchases and economic and tech- 
nological variables are used to project tractor purchases into the future.  Pro- 
jected purchases for 1970 are about 8 million horsepower (maximum belt horsepower), 
up from about Ih   million in 1962, if the following conditions prevail: (1) Crop 
production increases about 15 percent(index of crop production, 1957-59=100, up 
from- 108  to  about 124); C2)  ratio  of tractor prices to prices received for 
farm products sold increases about 7 percent (index of tractor prices divided by 
the index of prices received, 1957-59=100, up from 110 to 118); (3) size of trac- 
tors purchased increases from 5^.5 to 80.0 horsepower; and (4) number of farms 
decreases from 3.7 million to 3.3 million.  The number of tractors sold in 1970 
will be about 100,000 units, a decrease from the 150,000 units sold in 1962.  A 
wide variation in projected purchases results from considering relatively small 
differences in the independent variables.  However, changes in these variables tend 
to offset each other. 

This projection in tractor horsepower purchases assumes a reduction in the 
number of tractors on farms.  Tractor numbers would decrease from 4.7 million trac- 
tors in 1962 to 3.7 million in 1970. 

The large weight assigned to farm numbers weakens this model for making 
projections.  This projection assumes that changes in technology (primarily 
mechanization) associated with the reduction in the number of farms will remain 
the same in the coming years.  It is more likely that changes in technology will 
become less important.  Therefore, a continuing reduction in the number of farms 
will underestimate horsepower purchases. 

Farm power will continue to be an important factor in agricultural produc- 
tion.  It is indeed doubtful that -changes in the next 40 years will be of the same 
magnitude as those in the preceding 40 years.  In future years, it is likely that 
total farm power available for use will increase at a lower rate.  Although tractor 
power increased throughout the period of study from about an eighth of the total 
power in 1920 to 40 percent in recent years, it is expected to level off while 
other sources of power will continue to increase.  Thus, tractor power will be a 
smaller proportion of total farm power in the future than it has been in the recent 
past. 
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DEMAND FOR FARM TRACTORS 
IN THE UNITED STATES—A REGRESSION ANALYSIS 

By 

Austin Fox, Agricultural Economist 
Farm Production Economics Division 

Economic Research Service 

INTRODUCTION 

Power has always been an Important factor In agricultural production. 
The kind of power used and the contribution of each kind of power have. 
changed over time.  In this century, the sharp shift from use of manpower 
and horsepower to mechanical and electrical power has added much to total 
farm power.V  This report  presents  a brief description of total farm 
power In the United States during 1920-62, and analyzes In depth the 
aggregate demand for farm tractor power.during the period.  Regression 
analysis Is used to estimate the relative Importance of economic and other 
related factors to tractor horsepower purchases and these relationships 
are used to project purchases by farmers for 1970.  The observations made 
In this report will add to our knowledge of the probable future demand for 
farm tractor power. 

The appendices Include a discussion of other approaches considered 
before settling on regression analysis.  A recursive linear programming 
framework was considered, and Markov processes that did not Include a 
system of rewards were used to project tractor numbers. 

Total Farm Power 

In the early 1920*s, about 40 million horsepower was available for 
use on farms and more than half of It derived from horses and mules 
(flg.l).  At that time, tractors provided only about 5 million horsepower. 
Smaller quantities, between 1\   and 3 million horsepower, were available 
from each of the following: farmworkers , steam and gasoline engines, farm 
trucks, and electric plants on farms (16_).2^/ Windmills on farms and 
mounted engines on harvesting machines provided additional sources of farm 
power. 

By 1962, power available for farm use had Increased to about 385 
million horsepower, or almost 10 times greater than In 1920.  Tractors 
and trucks accounted for most of this Increase.  Horsepower available 
from farm tractors and trucks was l62 and 144 million horsepower, respec- 
tively, or an average of nearly 40 times as great as In the early 1920»s. 

1/ In this report, farm power Includes man, animal, mechanical, and 
electrical power, and the force or energy available to do farmwork. 

2/ Underscored numbers In parentheses refer to Items In Literature Cited, 
p. 48. 
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Figure 1 

Throughout the 42^year period, mechanical power was available from 
mounted engines on some of the harvesting machines as well as from tractors. 
Initially, the mounted engines were mostly used on combines (harvester- 
threshers), and later on balers and forage harvesters.  They are still 
being used on all these harvesting machines but to a lesser extent.  With 
the advent of the larger tractors, more of the newer machines are now 
operated by power takeoff .  Also, some of these machines are operated 
with hydraulic motors In which the source of power Is the tractor.  Thus, 
formany farm machines the trend Is away from mounted gasoline engines. 
Mounted engines provided about 120,000 horsepower as early as 1920, and 
an estimated 20 to 25 million horsepower In recent years. 

Self-propelled machines which came Into general use after World 
War II  have provided Increasingly greater power.  By 1958, about half of 
the 56,000 combines sold were çelf-propelled C25_) .  These machines added 
about 23,000 self-propelled units to a stock of 208,000 similar units. 
Self-propelled cornplckers and forage harvesters were much less frequently 
sold; In 1962, less than 20,000 of these units were on farms.  It Is 
estimated that In recent years about 15 to 20 million horsepower have 
become available to farmers from self-propelled equipment. 

Electricity has provided farmers with an additional source of 
power.  It was first used primarily for lighting but came Into more general 
use In the 19^0*s for Jobs such as grinding feed, cleaning gutters In dairy 
barns, unloading silage, drying grains and roughage, and feeding livestock. 
Electrical power consumed on farms to do mechanical work, compared with 
that used to heat water or provide light, has been rising rapidly.  Electric 



motors have recently made roughly 7 million horsepower available ro farm- 
ers for mechanical work, in addition to the 3 million horsepower equiva- 
lent used for nonmechanical work. 

The general increases in power available for farm use occurred while 
manpower, as well as horse and mule power, was being replaced by mechanical 
and electrical power.  As a result of this change, fewer farmworkers 
produced more agricultural products with less hours of labor per worker. 
From 1920 to I962, the number of farmworkers was reduced by about half— 
from 13.^ million to 6.7 million (30_)—and the man-hours of labor were 
down from about 24 billion hours to 9-1 billion (2_9) •  Most of the decrease 
in man-hours of labor occurred after 19^4, but the decline in the number of 
farmworkers was about the same throughout the entire period.  Total hours 
per person employed 3./ declined from about 1,800 to 1,400 during the 42- 
year period; in the early years they remained about the same but declined 
rapidly after the depression years 1931-34.  Numbers of horses and mules 
decreased from an all-time high of about 26 million in 1920 to less than 
3 million in I962 (6_, 16_) .  The number of horses used decreased throughout 
the period, and now most of the horses still on farms are used less than 
they were earlier. 

Tractor Power on Farms 

Tractor power on farms has been increasing since tractors became 
an integral unit in many farm operations (fig.2).  Until after World War 
II, the increase in horsepower was largely a result of more tractors on 
farms.  Much of the added horsepower in postwar years came from larger 
tractors.  In more recent years, nearly all of the increases in horsepower 
have come from larger units; evidence is that the number of tractors being 
scrapped now is about equal to the number purchased. 

In 1912, all the tractor power used on farms was from about 8,000 
tractors.  Fifty years later, in I962, tractor power was supplied by 
almost 4.7 million tractors.  Maximum belt horsepower (not including 
garden tractors) available to farmers increased from about 400,000 in 
1912 to 162 million in I962. 

Tractors on farms in the early years studied were used for heavy 
field operations such as plowing and disking, and for providing stationary 
power for grain threshers.  Later, tractor power replaced horses for oper- 
ations such as harrowing and pulling harvesting machines through the 
fields.  After World War II, tractors replaced nearly all of the horses 
formerly used for light work such as planting, cultivating, mowing, and 
hauling crops from the fields to the farmstead. 

The kinds and quantities of tractor power used in different regions 
of the country vary with the combination of labor, capital, and 
available natural resources such as moisture, temperature, topography of 
land, and type of soil.  The first concentration of tractors appeared in 
the Middle West, an area where natural conditions and types of farming 
favored the use of mechanical power.  Tractors became more commonplace 
in all parts of the country with the development of row-crop tractors 
which could be used for almost all farm operations.  They were purchased 
sooner in areas that had less available labor, such as in the Northeast 
and North Central regions, where competition of industrial users for farm 
labor was more apparent than in Southern regions. 

3./ Persons employed are an annual average of those working during the 
last calendar week each month ending at least 1 day before the end of the 
month. 



TRACTORS AND TRACTOR HORSEPOWER 
ON U. S. FARMS 

% OF1 

100- 

75 

30 

25 

0 
19 

U. S.  DEPA 

960 

N umber of wheel ^_ 

- 
an< d crawler tractors        ^^^^ 

- 
^^^r^Horsepower 

- 

- 
---! 

\^>^ - 

1    1    1    1    1    1    1    1    1         1    1    1    1    1    1    1   Li ,,,.!,... ..,.!.... 
- 

20           1930           1940           1950           1960 

RTMENT OF  AGRICULTURE                                                             NEC.   ERS 4568-66(6)      ECONOMIC  RESEARCH  SERVICE 

Figure 2 

Until recently, the distribution of number of tractors gave a good 
description of total tractor power throughout the country.  This picture 
is being clouded by the sales of many larger tractors to specialized types 
of farmers in different farming areas.  In general, more of the larger and 
fewer of the smaller tractors are bought in the North.  The opposite is 
true in the South, and the West is in between. 

The distribution of tractor power throughout the United States 
varies with the proportion of cropland harvested.  Concentration of trac- 
tor numbers is most dense in the Corn Belt, where about half of the total 
land area is harvested (fig.3).  In the Mountain States, where only about 
5 percent of the total land area is harvested, the concentration is light. 

THE TRACTOR MARKET 

The aggregate sales and exchange of new and used tractors are all 
part of the tractor market.  Farmers and users of industrial tractors 
adjust their stock of tractors continually.  The many individual farms 
maintaining or adding to their stock of tractors cause a flow of both new 
and used tractors.  Although tractor stocks remain fairly constant from 
year to year, incentives which encourage small changes in the stock result 
in large changes in flows or purchases.  The net flows of wheel and crawl- 
er tractors in any one year are in reality the demand for tractor power. 

New tractors move from the manufacturer through the dealer to farms 
or industrial businesses (10).  Used tractors move between farms and in- 
dustrial businesses directly through farm sales and individual transac- 
tions, and indirectly through machinery dealers. 



Figure 3 

Flow of Ne>\r Tractons 

In the early 1920's, nearly all of the tractor^ used domestically 
were wheel tractors and were sold for farm use.  In 1262 nearly 10 percent 
of all tractors sold domestically were crawler tractors^ and 20 percent 
were sold for nonfarm use.  The farm market traditionally^ ha,^  been th.e 
primary outlet for wheel tractors and in I962 still accounted for ahout 
85 percent of all wheel tractors sold Cfig.^l. 
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New tractors for both farm and industrial uses are available from 
manufacturers within and outside the United States.  Except for 3 years 
in the midthirties, when an average of about 2,000 tractors were imported 
(32)^ imports of farm tractors were unimportant until after World War IT. 
After the war, imports climbed rapidly- and then leveled off.  Import5 of 
tractors for farm use averaged about 9,500 units from 1947 to I962, and 
represented about 6 percent of sales to farmers in the early^ 1960''S. 
Nearly all of the imports Cabout 97 percent] of farm tractors were from 
Canada and the United Kingdom.  The imports were primarily- wheel tractors 
and increased in horsepower much the same as domestic production. Tn  1962, 
about 40 percent of the imports were 50 horsepower or more. 
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Figure 4 

The market for tractors by U.S. manufacturers includes export sales 
in addition to local sales to the farm and industrial market.  The number 
of tractors exported was about 25 percent of total U.S. production during 
the 1920's.  The export market has been and is continuing to be an important 
part of domestic production.  From 1937 to 1957, exports ranged from 13 
to 22 percent of U.S. production and averaged about 17 percent per year 
(31).  In the most recent years, actual exports and exports as a percentage 
of~U.S. production have been lower. 

Most U.S. exports of new tractors in recent years have gone to 
Canada.  The Canadians are buying about one-fourth of all crawler tractors 
and three-fourths of all wheel tractors exported.  The size of tractors 
exported has increased much the same as those used domestically.  In I962, 
about 35 percent of the crawler tractors exported were 100 horsepower or 
more and about 70 percent of the wheel tractors were 50 horsepower or .more. 

Recently, new tractors produced for both farm and nonfarm use have 
been much larger.  The average horsepower rating of new tractors purchased 
by farmers increased from about 20 horsepower in 1920 to 27 horsepower 
(maximum belt) in 1940.V  In the latter year, about 85 percent of the new 
tractors were less than 30 horsepower.  The size of new tractors increased 
rapidly since then.  In 1962, three-fourths of the new tractors were 45 
horsepower or more and only about 15 percent were less than 35 horsepower. 
The average horsepower rating was about 50 horsepower. 

V Strickler, Paul E. 
by size groups. 

Unpublished estimates based on shipments weighted 



The farm market over time includes a changing numbei of farms of 
widely differing characteristics in any one time period.  This does not 
preclude common characteristics among many individual farms as well as 
among groups of farms.  Farms are often grouped as to level of income and 
type of farm.  These groups have widely different purchasing habits when 
buying tractors. 

New tractors are more frequently bought by farmers with higher 
gross incomes (27_).  In general, these farmers buy much more than their 
proportionate share of large tractors and about their proportionate share 
of small tractors. 5_/  On the other hand, farmers with lower gross Incomes 
buy much less than their proportionate share of large tractors and about 
their share of small tractors.  Cash grain and vegetable farmers are the 
primary purchasers of new tractors. 

Market Flow of Used Tractors 

The market flow of used tractors is affected by changes in the 
flow-of new tractors and the number of tractors scrapped.  It includes 
flows to both the farm and industrial market.  The flow of used tractors 
between these two markets has been relatively small thus far, but it is 
likely to increase in the coming years with the growing importance of 
tractors in the industrial market.  Used tractors flow between individuals 
directly through farm sales and individual transactions, and indirectly 
through dealers.  The used tractors moving through dealers are primarily 
limited to trade-ins for other new and used tractors or other farm ma- 
chines.  Few used tractors are purchased outright by dealers, and many 
of the older tractors that are traded in are scrapped.  Some farmers and 
industrial"users of old tractors scrap them directly instead of trading 
or selling them to dealers. 

Used tractors tend to move between firms with:n an area; there is 
little movement between areas.  Similarly, there are few direct sales or 
exchanges of used tractors between the United States and other countries. 
Used tractors began moving out of this country during the early years of 
World War II.  They reached a level of about 2,000 units by the end of 
the war and have remained near this level.  Most of the used wheel trac- 
tors have been shipped to Canada and Mexico, with Mexico getting about 
twice as many as Canada. 

EARLIER STUDIES 

Several published studies describe the demand for farm machinery 
by use of econometric models (5, 1^, !}}_).     All of these deal in part with 
or are related to the demand for farm tractors. 

In these studies, the demand for farm tractors is a quantity con- 
cept.  Capital expenditures for farm tractors are deflated by an index of 
price change.  Thus, the quantity of tractors purchased (flow of tractors 
in investment theory) is the constant dollar value of purchases.  Some 
discussion is directed toward the estimates of quantities of tractors 
purchased.  The difficulties of using presently calculated price indexes 

5_/ The proportionate share assumes that the proportion of tractors of 
a specified size to all tractors and of specified farms to all farms are 
the same. 



for deflating expenditures are explored.  But for lack of alternatives, 
a form of price index is finally used to deflate capital expenditures to 
get estimates of quantities purchased. 

Economic variables were selected in these studies in an attempt 
to measure changes in the real price paid for tractors, changes in costs 
of factors used in production, and changes in assets and liabilities. 
Heady and Tweeten (1^) include time as an additional variable in most of 
their models. 

In these studies attention is directed to adjustments in the 
changes in demand.  They consider either the adjustments made in the first 
year only and compare it with the total adjustment, or the adjustment 
made in only one variable for several years.  These adjustments explain 
the differences between long- and short-run estimates of elasticity of 
demand. 6_/ 

Griliches (13_) also investigates the demand for the stock of 
tractors on farms. 7/ On the other hand, Cromarty (5) and Heady and 
Tweeten (14_) compare results derived from a single-equation model with 
those derived from a system of equations. 

SCOPE OF THIS STUDY 

This report has been restricted to tractor horsepower on farms 
because of the limited data available for related farm inputs. 8/  It 
includes information related to the purchase of a durable input from the 
time of the technological innovation to the present, except for the war 
years.  The study was limited to years after 1920 because of the very 
small number of tractors on farms before World War I.  The model used 
here is applied only to U.S. data. 9/ 

6/ The adjustment coefficient shows the percentage of the total adjust- 
ment that will be made in the short run.  The short-run estimate of de-^ 
mand is the change in purchases made now because of changes in a specified 
independent variable.  The long-run estimate is the change in purchases 
that would be made over a period of years because of changes in the inde- 
pendent variable.  This change in purchases over the years assumes that 
there have been no further changes in any of the independent variables. 

7/ In this formulation, purchases of tractors are important only in the 
way~they affect the' number of tractors on farms.  The annual input of 
tractors on farms reflects the quantity on hand rather than the quantity 
purchased.  In investment theory, this is., called the stock and flow prob- 
lem; the stock of tractors is the quantity of tractors used in farm pro- 
duction, and the flow is the number of purchases minus the replacement. 

8/ In studying the demand for a durable input, it is common to think in 
terms of a broad grouping of inputs because if the input, such as available 
tractor power, is narrowly -defined, it may be more difficult to measure 
the influence of the many closely related variables.  An alternative study 
might include all power inputs, such as man-labor and horsepower, power 
from engine-mounted and self-propelled machines, and power from electric 
motors.  A common measuring unit might be horsepower equivalents of man- 
labor, horse labor, mechanical power, and electric power.  In terms oí 
farm inputs, the ideal measure would include horsepower equivalents 
available and intensity of use. 

9/ An alternate and more comprehensive procedure would be to work: witn 
regional data by economic class of farm and then sum the regions to get an 
overall estimate.  The regional data by economic cl^ss of farm needed for 
using this approach simply are not available, and ?^^1^^^°%^^^^^^^^^ ^^^^^ 
derived for any earlier period of years.  The Possibility of using a cros^ 
sectional analysis for a single period in time has some merit, particularly 
where shortages of historical data are evident. 



Values for each variable, along with the definition and their 
sources, are presented in appendix I.  They Include annual estimates for 
1921-41 and 1947-62.  The war years are omitted because of the limited 
purchases and regulated prices.  Farmers' actions during the war were not 
influential in determining the quantity or prices of tractors being sold. 

In this study, the years 1942-46 are considered the World War II 
years.  The. year 1941 was included in the data because American involvement 
in the war did not begin until the last month and production control of 
farm machinery did not begin until later.  Purchases of tractors were not 
restricted and prices for products either bought or sold were not regulated. 
The year 1946 was not included in the study because production of farm 
tractors in that year was limited due to the shortage of supplies and the 
time required to change production plants to peacetime activities.  Fur- 
ther, an unusually high number of farm tractors were old and farmers were 
willing to buy more for a given situation than they had been in earlier 
years or would be willing to buy in later years.  Annual data are used 
for the units of observation. 10/ The calendar year is used (1) because it 
seems logical in the decision-making process for consumer durable goods, 
and (2) because historical data used in this analysis are available only 
for calendar years. 

METHOD OF ANALYSIS 

A single-equation regression approach is used to describe the de- 
mand for farm tractor power.11/ The procedure is first to describe the 
economic, technological, and personal preference factors that affect de- 
mand for farm tractors and then to formulate models that identify re- 
lationships within the market.  Solutions from these models provide 
statistical estimates that describe the average relationships when 
considering individual years, and also when considering one or two 
earlier years. 12/ 

10/ A note on the units of observation for a durable good appears in 
appendix II. 

11/ A complete system of equations could also be used to describe de- 
mand for all mechanical power available to farm.ers if inform.ation on all 
sources of power available to farmers were complete.  A comprehensive 
discussion of complete systems is presented by Foote (r2).  With this 
procedure, each source of mechanical power could be included in the system 
as a separate variable.  Thus, the power sources would be the endogenous 
variables, and their values would be determined simultaneously while 
considering the influence of variables outside the system and lagged 
variables inside the system.  As this problem is stated, variables outside 
the system would be the same ones used in a single-equation model.  This 
system of equations could also be expanded to have additional variables in 
the system.  That is, some variables that were considered predetermined 
might be mutually determined.  This is particularly true of the price 
variable.  It could be argued that the price of tractors also depends 
upon quantities purchased instead of purchases depending solely on 
predetermined prices as assumed here. 

12/ An elaboration of several other approaches involving recursive 
linear programm.ing techniques and Markov processes that were considered 
here is included in appendix III. 



This report differs from earlier studies of demand for tractors 
In three ways: (1) Demand for tractor horsepower Is estimated directly 
Instead of by deflating annual expenditures or dollar inputs.  The tractor 
horsepower purchased for use on farms is the number of tractors times 
their respective sizes.  This concept of quantity eliminates the necessity 
for deflating the data; therefore, it is not affected by selection of a 
deflator. (2) In addition to variables reflecting changing economic 
conditions, others are included to reflect changes in farmers' technology 
and in tastes and preferences.  Among these variables are size of 
tractors purchased, age of tractors on farms, and the number of farms.13/ 
(3) Long-run estimates of the demand elasticities are calculated by 
analyzing lagged values for all the variables over several years.  The 
adjustment path of the changes in demand elasticity over time is a by- 
product of this procedure.  No assumption is made about the form of the 
distributed lags.  That is, successive regression coefficients for any 
or all variables over time are estimated by least-squares procedures, 
without specifying any relationship between them.  A good explanation of 
this and other approaches used to analyze distributed lags appears in 
Nerlove (22). 

Factors Associated With Tractor Horsepower Purchases 

This analysis suggests that purchases of farm tractor power de- 
pend upon some price and income variables, depreciation, technology, 
personal preferences, and number of farms.  These factors are somewhat 
Interrelated and difficult to separate.  Their influence may be more 
easily evaluated by expressing purchases as a function of horsepower 
on farms, crop production, price and income variables, size of tractors 
purchased, age of tractors on farms, and number of^farms (fig.5).  The 
ratio of tractor prices to prices received for farm products sold gives 
an indication of changes in relative prices and at the same time is a 
measure of income.  The horsepower of tractors on farms and crop production 
give clues to the amount of depreciation and changes in technology and 
personal preferences.  The number of farms, size of tractors purchased, 
and age of tractors on farms also reflect changes in technology and 
personal preferences. 

Two primary.goals were considered in selecting factors associated 
with changes in purchases of tractor horsepower.  The first was to 
include variables which were thought to have a causal relationship 
with horsepower purchased and to be able to measure the importance or 
contribution of each of these.  The second was to include variables 
which would facilitate using the model for making longer term projections. 

Because of the second goal, two variables, like crop production 
and prices, were included rather than a single variable such as income. 
When using a regression model for projecting into the future, individual 
projections of each of the independent variables must be made to get the 
projected value of the dependent variable. 

13/ It is recognized that the size of tractors purchased is used in 
estimating the dependent variable and is then included as an independent 
variable.  It was hypothesized that the effect was not important in this 
problem since the size of tractors purchased and tractor horsepower on 
farms did not appear to be closely related. This later proved to be correct. 
The relationship between horsepower purchases and size of tractors 
purchased is discussed in the first part of the section dealing with results. 
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With the data analyzed here, individual projections of crop production 
and prices in the earlier years contributed to projections of tractor 
horsepower purchases that more nearly approached actual purchases than 
when projections of income were made.  Past relationships show that de- 
viations from the general trend lines are much greater for income than 
for crop production or the price ratio used here. 

Further, the projections in this report are average estimates for 
5 or 10 years from now, not estimates for individual years.  Again, one 
may observe that crop production and the price ratio discussed here have 
been generally increasing in the longer term periods and that they readily 
lend themselves to projections.  This is not the case for income which 
has generally fluctuated, with not much of an indication of where it is 
going. 

Variables were also selected in formulating the model to help 
explain differences in purchasing patterns over time.  For example, number 
of tractors already on farms and size of purchased tractors were included 
as variables because they will certainly have a bearing on number of 
tractors and total horsepower purchased in the future.  During a period 
when the number of tractors on farms is increasing rapidly, one would 
expect continually higher purchases.  When the number of tractors is 
leveling off or even declining, replacement sales will continue high; 
larger but fewer tractors will replace their obsolete and worn-out 
counterparts. 

The number of farms and the size of tractors purchased were included 
as variables because the continuing reduction in number of farms is closely 
related to the exodus of farm labor and encourages the use of larger 
tractors and more total horsepower per farm.  The continuing trend toward 
fewer farms may well result in fewer tractors and even less horsepower 
per 100 acres of cropland harvested.  In total, then, these variables 
will tend to show likely changes in purchasing patterns which will result 
from changes in both the physical and economic environment. 

The arrows in figure 5 on page 11 show the direction of influence 
of the factors affecting the aggregate demand for farm tractor power. 
They suggest that farm purchases are independent of dealers' stocks except 
when there is a change in the price of tractors. 

Dealers' stocks of tractors are influenced by farm purchases, by 
domestic production of tractors, and by imports.  However, these stocks 
also influence the imports and number of tractors produced.  Since 
all tractors are sold through dealers, any disparity between production 
and farm purchases will show up in dealer inventories.  These inventories 
have fluctuated considerably in recent years.  New tractors in dealer 
inventories reached an alltime high of about 179,000 tractors in 1959. 
Since then, they have declined and are now around 100,000. 
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In the long run, tractor production Is primarily Influenced by 
the dealer's stock of tractors. Manufacturers regulate production to 
attempt to maintain a constant supply of tractors.14/ 

The production schedule Is geared Indirectly to the overall economy 
and directly to the farm economy.  Output Is based on physical and economic 
conditions In the preceding year and on expectations for the present and 
future years.  Thus, output In any one year Is largely predetermined, 
and changes In prices are associated with changes In costs. 

Regression Model 

A single-equation regression model Is used to describe the economic 
relations between tractor horsepower purchases and factors associated 
with purchases.15/ The functional relationship Is assumed to be:16/ 

(1) H(^)=ao -H a,H(^_^) + a^C^^^ + a3R(^) + a^S^^^ + a^A^^^ + a^N^^^ + u^^^ 

where 

H, V = horsepower purchases this year. 

(t-1) = horsepower on farms In the beginning of this year. 

C - 
(t) = crop production this year. 

R/^N = Index of tractor prices divided by prices received this year. 

S,. N = average size of tractors purchased this year. 

Ax^x = average age of tractors on farms this year. 

N/. V = number of farms this year. 

U.. N =.residual term. 

14_/ The farm market for tractors Is supplied by comparatively few 
manufacturers who have a competitive product market and who buy from 
suppliers having. In economic theory, the market structure of an 
oligopolistic environment.  In this situation manufacturers. In theory, 
maximize net revenues by adjusting production to established prices; at 
least It can be said that production and prices are determined simulta- 
neously.  Farmers* purchases of tractors are made on the basis of the 
established prices.  If, In the aggregate, they buy substantially more or 
less than the anticipated number, a review of production schedules would 
be In order. 

15/ A note on the Interpretation of this model with regard to this 
problem appears In appendix II.  This appendix also Includes a note on 
multlcolllnearlty as It may affect the results In this analysis. 

16/ This relationship Is consistent with adjustment models that 
consider the stock and flow of Investments.  A complete discussion of 
this model appears In Matthews (20). 
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This equation was specified three different ways to test several 
hypotheses concerning relationships between H/, x and the independent 

variables.  All these specifications assume that either the natural numbers 
or the logarithmic values of the variables are additive.  First, the 
dependent variable and all of the independent variables were expressed in 
logarithms.17/ Second, the dependent variable was expressed in natural 
numbers witE"^all of the independent variables expressed in logarithms. 
Third, the dependent variable was again expressed in natural numbers, 
but with some of the independent variables expressed in natural numbers 
and the others in logarithms.18/ None of these specifications include 
all linear relationships because it is not realistic to assume constant 
quantity changes in the dependent variable associated with changes in all 
of the independent variables. 

In the first formulation of the problem, positive coefficients less 
than 1 are indicative of decreasing marginal purchases; those equal to 
1 show constant marginal purchases, and those greater than 1 show increasing 
marginal purchases (2).19/ Negative coefficients, regardless of size, show 
decreasing marginal purchases. 

The second and third specifications of the problem only allow for 
constant and decreasing marginal purchases.  They do not allow for in- 
creasing marginal purchases that are inconsistent with the principle of 
diminishing returns. 

Consideration of Lagged Values 

Inclusion of lagged values in addition to unlagged values for each 
of the independent variables provides estimates of the delayed effects of 
each of the independent variables on horsepower purchases. 

17/ This kind of specification is for a unique type of joint relationship 
where changes in the dependent variable associated with changes.in any of 
the independent variables are constant percentages.  More generally, joint 
relationships allow changes in the dependent variable to vary with changes 
in any or all of the independent variables.  Ezekiel and Fox present a more 
complete discussion of joint relationships Ci).  Johnston gives a mathe- 
matical presentation of the same subject (17). 

18/ There was no attempt to include a logarithmic dependent variable 
with~~any linear independent variable because this would most certainly be 
an incorrect specification of the problem.  A positive regression coefficient 
would necessarily have to be interpreted to mean that for an additional 
unit increase in the independent variable, the dependent variable would in- 
crease at increasing rates.  For example, with additional increases in crop 
production, purchases of tractors would have to increase at increasing 
rates. 

19/ Although estimates of tractor purchases must increase for each 
additional unit increase in the independent variables, each of the 
successive increases in purchases might either be slightly less, stay 
the same, or become greater.  More specifically, for a unit percentage 
increase in each of the independent variables, such as crop production, 
it was assumed that the associated purchases of tractor power changed 
by a constant percentage which is equal to the regression coefficient. 
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It shows the adjustment due to the Influence of each variable that would 
be made over a 2- or 3-year period.  The short- and long-run elasticities 
of demand with respect to each of the independent variables.are easily 
calculated from this solution.  No assumption is made about the form of 
the distribution of the lag.  For any two independent variables, each 
having two lagged values, the general regression equation is: 

^^^       ^ = ^o + ^l^i(t) "^ ^2^2Ctl "^ ^3^lCt^.ll "^ ^4^2Ct^ll 

■^ ^5^1(t-2) "^ ^6^^2(t-2) "^ ^ 

For horsepower purchases as a function of six independent variables, this 
would be: 

18  6  2 
(3) "(t)=^o + k£lj£li^oVj(t-i) + ^ 

where 

H,^x = horsepower purchased in period t. 

X./^^ = the independent variable associated with t. 

"^l(t-l) ^ ^^^ independent variable associated with t-1, etc., and 

a, = the regression coefficients. 

The regression coefficients for equation 3 in this report are 
determined in two separate steps.2^/ First, results from the statistically 
fitted functional relationship (equation 1) are used to derive 
statistically the simultaneous influence of all lagged, variables for 
separate time periods, as shown in the next section'(equation 4). 
Second, results from equations 1 and 4 are used to calculate mathematically 
the short-run and long-run regression coefficients for all lagged 
variables as described below (equations 5 and 6). 

Combined Influence of All Lagged Variables 

The lagged model (equation 4) that shows the influence of all lagged 
variables combined for separate time periods has independent variables 
comprising estimates of horsepower purchases derived from the solution of 
the functional relationships (equation 1) described earlier. 

20/ The general procedure for solving this kind of a problem would be to 
express purchases of tractor power as a function of horsepower on farms last 
year, crop production, a price index, size of purchases, age of tractors, 
and number of farms (22_) .  Each variable would be included for a specified 
number of earlier years.  With this procedure, the size of the problem 
expands rapidly with an increase in the number of factors or lagged time 
periods.  For the six factors considered here in only two lagged time 
periods, the problem would include 18 variables.  The magnitude of this 
problem prohibits consideration of more than one or two factors in any time 
series analysis.  Use of this general procedure has been confined to 
estimating demand with lagged values of the economic variables.  Even then, 
the multicollinearity among the lagged values is often so high that the 
method may only provide erratic regression coefficients for the lagged 
values and the standard errors may be unacceptable. 
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In equation 1, actual horsepower purchases were expressed as a function 
of all the independent variables considered In the present time period. 
Here, the actual horsepower purchases are expressed as a function of the 
estimated purchases derived from equation 1 for a specified number of 
earlier years.  For one earlier year this would be: 

(4) 

where 

K=^0 -^ ^"(t) -^ ^2"Ct-l) -^ ^ 

H = actual horsepower purchased. 

A 
H = estimated horsepower purchased. 

The solution of this equation yields the Influence of all variables together 
In the preceding time periods.  In addition, the constant term provides 
an overall effect associated with the variables In combination with each 
other. 

Influence of Each Lagged Variable 

The final distributed lag equation which Is mathematically derived 
shows the Influence of each variable for all of the time periods consid- 
ered. 21/  It Is the result of substituting a form of equation 1, where 
only two Independent variables are considered, Into equation 4, and then 
simplifying to the form of equation 2.  For two variables and one earlier 
time period, the derivation would be: 

(5)   H = bQ + b^ia^ + a^^X^^^) + ^2^2(t)^^ ^2ÍV ^A(t-l) "^ 

^2^2(t-2)> + ^ 

Expanding the terms In parentheses and combining the constant terms and the 
regression coefficients, we have: 22/ 

21/ The association Is often statistically significant with this for- 
mulation of the problem when Indeed It would be difficult to measure this 
association for several, much less for all, of the Independent variables 
In a conventional distributed lag problem with the seven variables 
considered here. 

22/ Both procedures give the same estimates for purchases of tractor 
power, but the description of each problem provides different Information. 
The general procedure which has been used gives regression coefficients 
for each of the Independent variables for all of the time periods 
considered, along with their associated standard errors and the multiple 
correlation coefficient.  The procedure used here gives one regression 
coefficient for each of the Independent variables and one for each of the 
time periods considered, along with the associated standard errors and 
multiple correlation coefficients.  By multiplying the coefficients of 
each Independent variable by the coefficient related to that time period, 
we get the regression coefficients generally derived for each Independent 
variable for one or more earlier time periods. 
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(6)    H(^) = dQ + d^X^(^) + d2X2(^) + ^S^Kt-l) + '^^^PCt-D + "^ 

which is the same type of formulation as equation 2. 

This equation provides for both short-run and long-run elasticities 
of demand with respect to each of the independent variables.  The short-run 
elasticities are those related to each of the variables in time period (t). 
The long-run elasticity for any independent variable is the sum of the 
short-run elasticities for the same variable over all the time periods 
considered. 

RESULTS 

The results of fitting selected demand equations to the data are 
shown in the next three sections.  The first section includes the 
regression coefficients for variables considered in only one time period. 
No lagged variables are included.  The second includes the regression 
coefficients showing the influence of time on all variables combined.  The 
third combines the results of the first two to show the influence of each 
of the variables over time.  These results were not influenced unduly by 
using the size of tractors purchased for calculating the dependent variable 
(horsepower purchases) and then including the size of tractors purchased 
as an independent variable.  The coefficient of determination (r2) between 
horsepower purchases and size of tractors purchased was only 0.^2, whereas 
all of the fitted equations had coefficients of multiple determinations 

2 
(R ) of 0.90 or more. 

Demand for Tractor Horsepower Purchases 

The results of fitting three different equations that did not 
include lagged values are shown in table 1.  These equations assume an 
association between horsepower purchases and each of the independent 
variables for each year.  They do not assume any association between 
horsepower purchases this year and each or any of the independent variables 
in earlier years.  The association of any of the independent variables with 
horsepower purchases assumes that the other independent variables remain 
constant. 

In general, all the independent variables were related to horsepower 
purchases in the manner anticipated.  An increase in the price ratio (ratio 
of tractor prices to prices received for farm products sold) which reflects 
changes in income and changes in the real price of tractors was associated 
with fewer tractor purchases.  Changes in the variables related to 
depreciation, personal preferences, and technology had an overall positive 
association with more tractor purchases.  Additional tractor purchases 
associated with increases in horsepower on farms, crop production, and 
average size of tractors purchased were partly offset by the negative 
influence of increases in the average age of tractors and the lower 
positive influence of the reduction in the number of farms. 

More tractor purchases are normally expected as the stock of 
tractors on farms or crop production increases.  It is not as obvious 
that tractor purchases are associated positively with the size of tractors 
or the number of farms.  It is logical that as the size of purchased 
tractors increases, the horsepower purchased will also tend to increase. 
With an increase in size of tractors, farmers will tend to buy slightly 
fewer tractors that are considerably larger and will be purchasing more 
total horsepower. 
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Table 1.—Regression coefficients and related data associated with tractor horsepower purchases. United States, 
1921-ill and 1947-62 1/ 

Problem 
number 

Horsepower 
on farms, 
January 1 

Crop 
production 

Ratio of 
tractor 

price to 
prices 
received 

Average 
size of 

tractors 
purchased 

Average 
age of 

tractors 
on farms 

Number 
of farms, 
January 1 

Constant 

Standard 
error of 
estimate 
(million) 

00 

li/  3/0.828 
(.219) 

3/12.877 
(1.557) 

.150 
(.017) 

3/0.685 
(.765) 

3/4.7^9 
(5.428) 

.083 
(.030) 

3/-2.642 
(.379) 

3/-I2.865 
(2.867) 

3/-I3.934 
" (2.581) 

3/7.317 
(I.89O) 

«4f 

3/-1.783 
(.560) 

9e9f 

3/18.066  3/-I4.985 
(13.415)   (3.977) 

3/23.504 
(13.041) 

3/-7.717 
(3.397) 

3/9.560 
(2.454) 

3/37.023 
(17.419) 

3/98.308 
"(18.696) 

4f« 

90 

95 

95 

-13.312   4/1.95 

-40.921 

-85.823 

.91 

.88 

* Coefficients significant at the 90-percent level. 
** Coefficients significant at the 95-percent level. 
1/ Numbers In parentheses are standard errors of the regression coefficients. 
2/ Dependent variable expressed In logs. 
3/ Independent variable expressed In logs. 
4^/ Standard error of estimate calculated for natural numbers of dependent variable. 



Likewise, horsepower purchases decline with a reduction in the 
number of farms.  Fewer farms are associated with larger farms, and the 
tractors on farms going out of business move to the farms that remain. 
Thus, there is the same quantity of horsepower available for use by fewer 
farmers.  However, it is generally recognized that the fewer and larger 
farms that remain will require less horsepower per acre than the smaller 
farms that went out of business. 

Equation 1 

In the first equation, where all of the variables are in logarithms, 
90 percent of the variation in tractor horsepower purchases is explained 
by the variation in horsepower on farms, crop production, the ratio of 
the price of tractors to prices received for farm products sold, size of 
tractors purchased, age of tractors on farms, and number of farms.  Except 
for crop production, all of the coefficients are statistically significant 
at the 95-percent level. 

This type of problem formulation assumes that each 1-percent change 
in any independent variable is associated with constant percentage changes 
in horsepower purchases that are equal to the regression coefficient. 
That is, every 1-percent increase of horsepower on farms from the pre- 
ceding year was, on the average, associated with an 0.8-percent increase 
in horsepower purchases, provided the following remained constant: 
(1) Crop production, (2) ratio of tractor prices to prices received, (3) 
size of tractors purchased, (^) age of tractors on farms, and (5) number 
of farms.  Also, 1-percent changes in the ratio of tractor prices to 
prices received and in the average age of tractors on farms were 
associated with 2.6-percent and 1.8-percent changes, respectively, in 
horsepower purchases in the opposite direction.  Similarly, 1-percent 
changes in the size of tractors purchased and in the number of farms were 
associated with 7-percent and 10-percent changes in purchases of tractor 
horsepower in the same direction.  The effect of crop production on 
horsepower purchases is not certain. 

This formulation of the problem indicates decreasing marginal pur- 
chases for larger quantities of horsepower on farms, and for higher levels 
of crop production.23/  This is consistent with economic theory.  The 
problem also shows marginal purchases increasing for increases in average 
size of tractors purchased and in the number of farms.  That is, during 
the period of analysis with this problem formulation, it is suggested that 
purchases increased at increasing rates with the purchase of larger sizes 
of tractors or with increases in the number of farms.  Lower farm numbers 
would contribute to decreasing purchases at a decreasing rate.  Also, for 
increases in the price variable and in the age of tractors on farms, 
purchases were reduced at decreasing rates. 

Equation 2 

In the second equation, where the dependent variable is in natural 
numbers and the independent variables are all in logarithms, 95 percent of 
the variation in tractor horsepower is explained by the variation of the 
independent variables.  With this formulation of the problem, the average 
size of tractors and crop production are not significant at the 95-percent 
level. 

23/ For this equation, positive coefficients less than 1 indicate 
decreasing marginal purchases; those equal to 1 show constant marginal 
purchases; and those greater than 1 show increasing marginal purchases. 
Negative coefficients, regardless of size, show decreasing marginal 
purchases. 
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In this equation, each 1-percent change In any of the Independent 
variables was associated with a constant quantity change In horsepower 
purchases approximately equal to 0.00434 times the regression coefficient.24/ 
These Independent variables are assumed to be nonllnearly related to the ; 
dependent variable; purchases will Increase at decreasing rates for unit 
Increases In the Independent variables.  This specification allows for 
decreasing purchases for additional units of all the Independent variables. 

This equation Indicates that during the period of study each 
1-percent Increase In tractor horsepower on farms was associated with an 
Increase In purchases of about 56,000 (0.00434 times 12.877 million) tractor 
horsepower.  Likewise, a 1-percent decrease In the number of farms was 
associated with 160,000 (0.0043^ times 37.023 million) fewer horsepower 
purchases.  Also, each 1-percent Increase In the price ratio and the 
average age of tractors was associated with 56,000 and 65,000 fewer 
horsepower purchases, respectively.  Conversely, a 1-percent decrease In 
the price ratio and the average age of tractors was as'soclated with 
56,000 and 65,000 more horsepower purchases, respectively.  The effect of 
crop production and the average size of tractors Is not certain with this 
formulation of the problem. 

Equation 3 

In the third equation, the dependent variable and two of the 
Independent variables (horsepower on farms and crop production) are 
expressed In natural numbers.  The other Independent variables are 
expressed In logarithms.  VJlth this formulation, 95 percent of the 
variation of the dependent variable Is explained by variations of the 
Independent variables and all of the regression coefficients are significant 
at the 95-percent level.25/ 

24/ A 1-percent Increase In any number Is equal to a 0.00432-lncrease 
In the common logarithm of that number.  Also, a 1-percent decrease In any 
number Is equal to a 0.00436-decrease In the common logarithm of that 
number.  On the average, a 1-percent change In any number Is equal to a 
0.00434-change In the common logarithm of that number. 

25/ A still higher percentage of the variation In tractor horsepower 
purchases Is explained by variations In the Independent variables when time 
periods are multiples of years rather than single years.  In this form- 
ulation of the problem, horsepower purchases and crop production are 
summations of annual estimates.  Values of the other variables are averaged 
for the period.  By using 2-year estimates rather than annual estimates, 
the explained variation Increased from 95 to 98 percent.  The explanation 
of more variation was accompanied by a reduction from I5 percent to 11 
percent In the ratio of the standard error of estimate to the mean values 
of the dependent variable.  As might be expected where purchases are 2- 
year estimates, the regression coefficients almost doubled In size because 
of the continuing trends In the Independent variables.  The regression 
coefficients retained almost the same degree of accuracy as for the 
annual estimates except for the horsepower on farms, but the coefficient 
was still highly significant.  The generally greater positive Influence 
of horsepower .on farms, crop production, size of tractors purchased, and 
number of farms were offset by the higher negative Influence of the 
ratio of tractor prices to prices received and the average age of 
tractors. 

20 



In this equation each unit Increase in horsepower on farms and in 
crop production was associated with a constant quantity change in 
horsepower purchases equal to the regression coefficient.  That is, these 
variables were assumed to be linearly related to the dependent variable. 
On the other hand, each 1-percent change in the price variable, size of 
tractors purchased, age of tractors on farms, and number of farms was 
associated with a constant quantity change in horsepower purchases equal 
to approximately 0.0043^ times the regression coefficient.  Here these 
four independent variables are assumed to be nonlinearly related to the 
dependent variable; purchases increase at decreasing rates for unit 
increases in the independent variables. 

The third equation shows that each 10 additional horsepower on 
farms and each 10-point rise in the index of crop production was associ- 
ated with about 1.5 and 0.8 more horsepower purchased, respectively.  In 
addition, each 1-percent increase in the average size of tractors pur- 
chased was associated with about 102,000 more horsepower purchases.  Also, 
1-perceht increases in the real price of tractors and in the average age 
of tractors were associated with about 67,000 and 37>000 fewer horsepower 
purchases, respectively.  And each 1-percent decrease in farm numbers 
would be associated with 427,000 fewer horsepower purchases. 

This equation provides reasonable estimates of the relationships 
between the dependent and independent variables during the study period. 
It is the equation used for estimating purchases as a function of esti- 
mated values for this and earlier years.  It is used here for making a 
projection to 1970.  The residuals of this equation appear to have more 
uniform variance throughout the period studied than the first two equa- 
tions. 2_6_/  Serial or autocorrelation is not indicated by the Durbin-Wat- 
son d statistic in any of these equations.27/ 

Combined Influence of All Lagged Variables 

With these data, any consideration of the combined effect of all 
the independent variables in earlier time periods provides improved 
estimates of tractor horsepower purchases.  Generally, estimates for 
individual years are improved if the standard error of all the estimated 
values is lowered.  The combined influence of earlier time periods on 
horsepower purchases is shown in table 2.  These equations are derived 
from their counterparts in table 1. 

The influence of earlier time periods reduced the standard error 
up to a third, but explained about the same variation of the dependent 
variable associated with changes in the independent variable (tables 1 
and 2).  Generally, the errors were reduced throughout the whole period; 
however, they were reduced more for the larger estimated values in recent 
years than for the smaller values in earlier years. That is, the original 

26/ Such residuals are said to be homoscedastic.  A more elaborate 
discussion appears in Mood(21). 

27/ In the first two equations, negative serial correlation is 
insignificant at the 5-percent level, but the results are inconclusive 
for positive serial correlation.  In the third equation, positive serial 
correlation is insignificant at the 5~percent level, but the results 
for negative serial correlation are inconclusive.  Lack of evidence 
of autocorrelation does not specify its absence ClT,) .  Some of the 
independent variables may still be related to their lagged values. 

21 



Table 2.—Regression coefficients with their standard errors, multiple correlation, and the 
standard error of estimate associated with the influence of earlier time periods on 
tractor purchases, 1921-41 and 19^7-62 1/ 

Equation 

Regression coefficients of 
horsepower purchases Multiple 

determination 
coefficient 

(R2) 

Standard 
error of 
estimate 
(million) 

Constant form 2/ 
This   :  Last   :  Year 
year  :  year  :  before 

1  

1  

2  

ro  o 
IV)  "^ 

3  

3  

0.906     0.123                  90            1.32       -0.017 
• (.101)    (.101) 

.963      .156     -0.101         90            1.32        -.012 
• (.114)    (.106)     (.095) 

1.138     -.125                  95             .86        -.122 
(.209)    (.201) 

:  1.108      .137      -.230        95             .86       -.155 
(.210)    (.316)     (.214) 

.933      .070                  95             .85        -.025 
(.153)    (.149) 

1.008      .246      -.246         96             .83        -.074 
(.157)    (.183)     (.156) 

1/ Numbers in parentheses are the standard errors of the regression coefficients. 
2/ Equation forms refer to the corresponding problem numbers in table 1.  Here, as in table 1, 

all variables in equation form 1 are expressed in logarithms.  However, in contrast, here all 
variables in equation forms 2 and 3 are linear.  This is necessary to give distributed lag values 
for the independent variables consistent with the proposed distributed lag model. 



regression equations in table 1 had larger variances in the later years, 
while the equations considering the influence of earlier time periods in 
table 2 had a more constant variance throughout. 

The influence of earlier time periods also reduced the serial or 
autocorrelation of the residuals.  Results from using the Durbin-Watson 
d statistic to test for serial correlation showed both insignificant 
negative and positive serial correlation. 

Certainly 5 estimates of tractor horsepower purchases cotila be 
improved by considering the influence of earlier time periods.  An 
apparent effect would be to lessen the changes between years'.  In the 
regression model described above, changes between years, when the influence 
of earlier time periods was considered, were only about half as large as 
those when they were not considered,28/  The new estimates are actually 
fluctuating less around longer time trends. 

In general, when one earlier time period was considered, about 
10 percent of the influence of each variable was related to the earlier 
time period.  When two earlier time periods were considered, th-e sign of 
the earliest time period was no longer consistent with the expected values 
in the formulation of this problem.  The immediate thought is to discard 
these values in this problem,29/ Changes in the sign may well mean that 
the influence of the earlier time period is not measurable since the 
change in sign suggests an erratic behavior.  However, this may also 
suggest a cyclical nature in tractor purchases.  A 4- or 5-year cycle in 
purchases is consistent with a negative regression coefficient for 
variables lagged 2 years. 

Influence of Each of the Lagged Variables 

The distributed lag equations showing the influence of each of 
the independent variables for the preceding year are shown in table 3, 
The equations state the relation of each of the independent variables for 
both this year and last year with tractor purchases.  They are interpreted 
the same as any other regression coefficient.  For example, the first 

28/ With the lesser fluctuation associated with influences from earlier 
time periods, one might expect the direction of estimated year-to-year 
changes to be different from those in which the influence of earlier time 
periods is not considered.  Except for 3 years, the directional changes 
between years were the same whether or not the influence of earlier time 
periods were considered.  In the 3 years where directional changes 
differed when earlier time periods were considered, changes between years 
were small in either direction.  However, in each of these 3 years, the 
directional changes of the regression model that did not consider the 
influence of earlier time periods agreed with actual changes between years. 

29/ Tinbergen suggests that only lagged values be added until the 
signs become, erratic and no longer make sense(26_).  Both Nerlove and 
Tinbergen suggest that these erratic signs are usually a result of the 
intercorrelation of lagged explanatory variables.  Obviously, a high 
standard error of the coefficients may necessitate the exclusion of 
more time periods, even when the signs are still consistent with logic. 
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Table 3.--Calculated regression coefficients for present and lagged 
values of the variables associated with tractor purchases for 
equations 1 and 3 in table 1 

Variable Equation 3 2/ 

Horsepower on farms on Jan. 1— 
This year  
Last year ^  

Crop production— 
This year  
Last year  

Ratio of tractor price to prices 
received— 
This year  
Last year  

Average size of tractors purchased^— 
This year  
Last year-^  

Average age of tractors on farms— 

This year  
Last year  

Number of farms— 
This year  
Last year  

Constant term  

0.750 
.102 

,621 
,084 

-2.394 
-.325 

6.629 
.900 

-1.615 
-.219 

8.661 
1.176 

-13.715 

0.140 
.011 

077 
.006 

-13.000 
-.975 

21.929 
1.645 

-7.200 
-.540 

91.721 
6.882 

-86.106 

1/ Calculated by multiplying the coefficients of the first equation 
form 1 in table 2 times the regression coefficients of equation 1 in 
table 1. 

2/ Calculated by multiplying the coefficients of the first equation 
form 3 in table 2 times the regression coefficients of equation 3 in 
table 1. 
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two coefficients In equation 3 of table 3 are Interpreted as follows: 
Each unit increase in horsepower on farms this year and last year was as- 
sociated with 0.140- and 0.Oil-unit increases in horsepower purchases, 
respectively.  This regression equation has 12 independent variables 
instead of 6.  These equations estimate the same purchases as the lagged 
equations in the preceding section that combine the influence of all 
lagged variables (table 2).  In addition, these show the greater impor- 
tance of the present values for each independent variable and the much 
lesser importance of the lagged values.  The equations were derived by 
calculating the constant term and by multiplying the regression coeffi- 
cients in table 1 times their counterparts in table 2, as previously 
described. 

Elasticities of Demand 

The elasticities of demand with respect to each of the independent 
variables vary with the type of problem formulation (table 4).  The 
elasticities of equation 1 are averages for the period studied and are 
the same for all values of each of the independent variables. 

The elasticities of equation 3 vary with different values of the 
independent variablesVSO/ The elasticities at both mean values and 
recent values for horsepower on farms, crop production, and the number 
of farms are higher than the constant elasticities in equation 1.  Also, 
elasticities of the price variable, average size of tractors, and the 
average age of tractors in equation 3, at both mean and recent values, 
are less than in equation 1. 

In general, the elasticities of equation 1 indicate that about 89 
percent of the adjustment in tractor purchases related to the independent 
variables are made in the short run.  Equation 3 shows that about 93 per- 
cent of the adjustment is made in the short run. 

The elasticity of demand with respect to horsepower on farms has 
increased in recent years as compared with average values for the period. 
The elasticity with respect to crop production remained about the same. 
But the elasticity of the real tractor price, average size of tractors 
purchased, average age of tractors on farms, and number of farms have 
decreased between 20 and 25 percent in recent years.  Th^e elasticity^ of 
demand for new tractors, with respect to the real price of tractor^ 
(ratio of tractor prices to prices received for farm products sold}., is 
negative and is greater than unity. In recent years, it was estimat^ed to 
be about -1.7 in the short run and --1.8 in the long run.  The long^^run 
estimates are only slightly higher than those of Griliches (13_) .  However, 

30/ Elasticities of horsepower on farms and crop production are 
found by multiplying a specified value of the independent variable times 
the regression coefficient 'of that variable, and then dividing by the 
value of horsepower purchases estimated for corresponding values of all 
of the independent variables.  Elasticities of the ratio of tractor prices 
to prices received, average size of tractors purchased, average age of 
tractors on farms, and number of farms are found by dividing the regression 
coefficient of the variable under consideration by the value of horsepower 
purchases estimated for specified values of all independent variables. 
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Table 4.—Short-and long-run elasticities of demand with respect to all the independent 
variables in equations 1 and 3 in table 3 

Variable 
Lon li/ 

?/ 
Equation 3- 

Equat: 

Mean values Recent values 

Short-run : Long-run ■ Short-rur i; Long-run Short-run I Long-run 

0.8 0.9 1.6 1.7 3.0 3.2 

.6 .7 1.1 1.2 1.1 1.2 

-2.il -2.7 -2.2 -2A -1.7 -1.8 

6.6 7.5 3.7 4.0 2.9 3.1 

-1.6 -1.8 -1.2 -1.3 -.9 -1.0 

8.7 9.8 15.6 16.8 11.9 12.8 

crs 

Horsepower on farms, Jan. 1— 

Crop production  

Ratio of tractor prices to 
prices received  

Average size of tractors 
purchased r-- 

Average age of tractors 
on farms  

Number of farms- 

1/ Both the dependent and independent variables are logarithmic. 
2/ The dependent variable and the first two independent variables are in natural numbers.  The 

last four independent variables are logarithmic. 



short-run price elasticities differ widely from those found by Grlllches 
because of differences In estimated time required to make adjustments. 
While It was found here that between 80 and 90 percent of the adjustment 
was made In the short run, Grlllches found that only about 20 percent of 
the adjustment was made In this period.  These differences are primarily 
due to the different procedures used for estimating long-run and short- 
run coefficients.  The long-run coefficients described here are sums of 
the coefficients considering each of the Independent variables In earlier 
time periods as shown previously.  Grlllches» long-run coefficients are 
calculated from an adjustment coefficient which describes the difference 
between the desired and the actual stock of tractors. 

PROJECTED PURCHASES FOR 1970 

Equation 3 In table 1 Is used here to project average purchases for 
several years In some future time perlodvSl/ This equation has statlstlr:« 
cally significant regression coefficients and will more readily allow for 
diverse movements of the Independent varlables^82/ 

Purchases for 1970 are projected at about 8 million horsepowers^ 
up from about 7^ million In 1962—If the following conditions prevail: 
(1) Crop production Increases about 15 percent Clndex of crop production, 
1957-59 = 100, up from 108 to about 1241;C2). ratio of tractor prices relative 
to prices received for farm products sold Increases about 7 percent Clndex 
of tractor prices divided by the Index of prices received, 1957^59=100, 
up from 110 to 118); (3) size of tractors purchased Increases from 5^.5 
to 80.0 horsepower; and (4) number of farms decreases from 3.7 million to 
3.3 million (figs. 6 and 7).  A wide variation In projected purchases 
results from considering relatively small differences In the Independent 
variables.  However, changes In these variables would tend to offset each 
other.  The number of tractors sold In 1970 will be about 100 000 units. 
If the average size of tractors purchased Increases to about So horsepower. 

Projections for crop production, price ratios, size of purchase?, 
and number of farms were made on a year-to-year basis so that values for 
average age of tractors and horsepower on farms could be calculated each 
year.  The calculated values for the latter two variables were used In the 
regression equation to estimate purchases.  This procedure was necessary 
for keeping relationships consistent when moving through time.  If either 
the horsepower on farms or the average age of tractors were projected rather 
than calculated. It would be unlikely that purchases would have been such 
that the calculated values for these two variables agreed with projected 
values. 

31/ Equation 3 In table 3 might better be used for projecting year^^to. 
year purchases of tractor horsepower.  This equation assigns weights to 
estimated purchases for the last 2 and/or 3 years. 

32_/ The effect of Individual variables takes on additional Importance 
for making projections.  Here the combined results of the standard 
error of estimate and the standard errors of the regression coefficients 
are considered to be more Important than the multiple correlation 
coefficient. 

27 



rv) 
oo 

VARIABLES ASSOCIATED WITH TRACTOR 
HORSEPOWER PURCHASES, U. S. 

MILL! 

150 

100 

50 

ON~i HORSEPOWER 
ON FARMS 

1        1 /'' 

/ 

/ 

y: 
n. 

'*°^ ''"1^'U.S.CR0P 

150 

100 

50 

PRODUCTION INDEX 

--"V" 
^^^ 

iL iiiilmi iiiiiiiii iiilm lllllllll lllllllll 

% OF 1957-59     I I 
PRICE INDEX 

1920 1940 1960        1920 1940        1960 1920 1940 1960 

SIZE 

75 

50 

SIZE OF PURCHASED 
TRACTORS 

(MAXIMUM BELT 
HORSEPOWER) 

AGE ' 1 1 r 
AGE OF TRACTORS 

ON FARMS 

MILLION 

7.5 

5.0 

2.5 

NUMBER OF FARMS 

Q  i....liiiilimlmiliiiilMiiliiiiliiiiliiillmil        Q |||||1||||||||||||||||||||| lllllllll||lllnil|||l ||      Q   lllllllllllllllllllllll lllllllllllllllllllllll III! 

1920        1940 1960        1920 1940 1960 1920        1940 1960 

U. S.   DEPARTMENT   OF   AGRICULTURE NEC.   ERS  4571-66 (6)       ECONOMIC   RESEARCH   SERVICE 

Figure   6 



TRACTOR HORSEPOWER PURCHASES 
BY FARMERS, U.S. 

HORSEPOWER PURCHASED (MIL)' 

8 Actual ! 1\ ^» 

-UJ. 

1920 1930 1940 1950 1960 1970 
U.S. DEPARTMENT   OF AGRICULTURE NEG.   ERS 4572-66 (6)      ECONOMIC  RESEARCH SERVICE 

Figure 7 

The number and size of tractors discarded were estimated for I962- 
70 so that the horsepower on farms In the beginning of the year and the 
average age of tractor could be calculated.  The number of tractors dis- 
carded parallels recent estimates used in calculating changes, in tractor 
numbers on farms.  This schedule is based largely on the results of earlier 
studies and a national farm machinery survey in 1956 (^, 23_) .  No tractors 
were discarded less than 3 years after purchase(fig.8).  They were discarded 
at an Increasing rate between the 3rd and the 19th year.  The percentage 
of tractors discarded continued to Increase, but at a decreasing rate, 
until all of them were discarded at 32 years of age. 

If applied to an equal number of purchases over time, this discard 
schedule would result in an average age for farm tractors of 11 years. 
Also, the average age of tractors discarded,' sometimes called the average 
service life, would be 24 years.  In 1962, the average age of tractors was 
about 11 years and the average age of tractors discarded was 15 years.  By 
1970 the average age of tractors would increase to almost 13 years and 
the average age of discards decrease to less than 14 years.  The average 
age of tractors on farms would increase between I962 and 1970 because of 
the unusually large purchases made between 19^7 and 1953.  The greater 
number of discards now coming from these earlier purchases also tends to 
reduce the average age of the tractors being discarded.  Since the age 
of tractors is affected by the larger purchases, in the earlier years the 
age was somewhat less than what would be normally expected, and now in 
later years the age of tractors is more than what would be expected. 

The discard schedule applied to an increasing size of tractors over 
time would result in discard of a higher average horsepower for a given age 
of tractor.  Also, the average service life in terms of horsepower would be 
lowered. 
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The projections In tractor horsepower would mean a reduction In 
the number of tractors on  farms.  Tractor numbers on farms would decrease 
from 4.7 million tractors on farms In 1962 to 3.65 million tractors in 
1970. 

Among other things and in addition to the purcnases described above, 
this reduction assumes that discards will be made as they were in the 
middle 1950's when the average life of tractors would have been about 
11 years if the same number of tractors were bought each. year. 

The projections of this regression equation should be considered 
as an additional source of information.  These results might be weighted 
against other independent estimates.  From these separate sources a final 
estimate is made, largely a judgment estimate, based primarily on the 
relative merits of the separate estimates. 

Farm power will continue to b 
production. It is indeed doubtful t 
be of the same magnitude as those in 
years it is likely that total farm p 
at a much lower rate. Although trac 
an eighth of the total power in 1920 
is expected to level off while other 
increase. Thus, tractor power will 
farm power in the future than it has 

e an important factor in agricultural 
hat changes in the next 40 years will 
the preceding 40 years.  In future 

ower available for. use will Increase 
tor power has increased from about 
to 40 per-cent in recent years, it 
sources of power will continue to 

be a smaller proportion of total 
been in the recent past. 
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CONSIDERATIONS IN USING REGRESSION MODELS 

Despite the care used in specifying the model and selecting the 
variables to be included, there are always possibilities of changes in 
demand over time for which no adjustments were made.  Use of data not 
properly adjusted for changes in demand will result in fitting equations 
to points on separate demand schedules rather than points on  a single 
demand schedule. 

Also, an aggregate analysis such as this necessarily ignores the 
individual actions described earlier for many homogeneous groups of farms. 
A change in the structure, that is, a change in the relative importance 
of these specified groups, throughout the period of study necessarily 
complicates the interpretation of results.  However, the success or lack 
of success in explaining aggregate changes in the past may not be asso- 
ciated with a real understanding of internal forces bringing about these 
changes.  The analyst can only hope that the internal structure remains 
stable or continues to change in a predictable pattern. 

Although improperly fitted curves cannot be used to give the exact 
elasticities, they are useful in describing what has happened in some 
earlier period and they provide a means of projecting to some^later period. 
Regression models per se were designed to estimate and attempt to explain 
historical relationships.  They were also considered to serve as a guide 
in explaining some forthcoming events if, and only if, none of the 
variables extended beyond the range of the data in the base period.  This 
means not only that values of individual variables cannot exceed their 
range, but also that any combination of the variables must stay within 
past relationships. 

In considering the relative merits of any regression equation used 
to make proj'ections, the researcher must always remember that he is almost 
certain to extend the model beyond the range of the original data.  In 
doing this, he assumes that basic relationships in the future will continue 
as they were when they were included in the model during some base period. 
In effect, if the curves have been fitted to points on one demand schedule, 
use of this model for making projections assumes that the demand will 
remain the same over time.  That is, the demand with respect to each 
independent variable will stay the same or will change over time as it 
did during the base period.  However, if the curves have been fitted to 
points on separate demand schedules, the implication should be that demand 
will continue to change as it had in the past and that farmers will purchase 
more or fewer tractors in the future much the same as in the past. 

In terms of the model used in this study, the projections assume 
that purchases of tractor horsepower in future years will, on the average, 
be influenced proportionately as they were during 1921-41 and 1947-62 for 
any future changes in the following:  (1) Horsepower on farms, C2) crop 
production, (3) ratio of tractor prices to prices received for agricul- 
tural products sold, (4) size of tractors purchased, (5) age of tractors 
on farms, and (6) number of farms.  In essence, the structural relations 
are held constant while alternative values of the independent variables 
may be considered.  The influence of some of the Independent variables 
in real terms will actually become less as the variables become larger 
in size.  But we are still assuming that changes of the Independent vari- 
ables affect the dependent variable in the future as they did in the base 
period of study, even though the variables themselves may change. 

The large weight assigned to changes in farm numbers weakens this 
model for making projections into the future.  The changes in farm 
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numbers also affect changes in farm structure.  Thus, the Influence of 
changes in technology is Included in changes in the number of farms. 
Since the number of farms has been reduced sharply during the period of 
study and since it will most likely continue to decline, the influence 
of farm numbers becomes exaggerated.  It is unlikely that changes in 
technology associated with changes in farm numbers will be the same in 
20 or even 5 years from now.  Present trends suggest that these changes 
in technology associated with the number of farms will become less im- 
portant.  Therefore, effects of fewer farms in the coming years will be 
to understate horsepower purchases. 

Furthermore, the recent expansion of U. S. food aid to needy 
countries, if continued over a period of years, would affect the variables 
related to changes in technology.  Thus, the newly projected values for 
the independent variable and the calculated projections of tractor purchases 
in this report would be slightly higher. 

APPENDIX I:  THE VARIABLES 

Values for tractor horsepower purchases and variables assumed to 
be related to purchases are shown in table 5 for the study period.  This 
section elaborates on the source and development of the variables. 

Tractor Horsepower Purchases 

Tractor horsepower purchased for farm use is the product of the 
number of wheel and crawler tractors purchased and the average size of 
purchases, but does not include garden tractors.  The number of tractors 
purchased by farmers was estimated by Paul Strickler of the Economic 
Research Service on the basis of tractor shipments published in the 
Current Industrial Reports (31)- 

Size of Tractor Purchases 

The average size of tractors purchased in each year is the average 
maximum belt horsepower.  It is estimated from the manufacturers' shipments 
to dealers by weighting the midpoint of each size group by the number of 
tractors.  It is only in the later years of this study that tractor 
shipments have been stated as maximum belt horsepower.  Adjustments 
made for the earlier shipments reported as average belt horsepower were 
generally about 75 percent of maximum belt horsepower.  This can be 
written as: 

? N. ^1 -^ «1 
c    _ i=l ^   2 
p(t) - n 

E  N. 
i = l  ^ 

where 

S /^v = average size of purchases in year t. 

N. = number of tractors purchased in size group i, 
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Table 5.—Variables assumed to be associated with tractor horsepower purchases. United States, 1921-^1 and 19^47-62 

Horsepower 
on farms, 

January 1 
(million) 

Crop 
production 

Ratio of 
tractor prices 

to 
prices received 

Average 
size of 
tractors 
purchased 

Number of 
farms, 

January 1 
(million) 

Average 
age of 

tractors 
on farms 

Horsepower 
purchased 
(million) 

1921-— 
1922  
1923 — 
192^ — 
1925— 

1926 — 
1927 — 
1928 — 
1929 — 
1930— 

1931 — 
1932 — 
1933 — 
193^ — 
1935 — 

1936— 
1937 — 
1938 — 
1939— 
19^0  

1941  

19i^7 — 
19^8  
19^9— 
1950— 

1951—• 
1952—. 
1953 — 
195ÍÍ—■ 
1955—■ 

1956—. 
1957-— 
1958 — 
1959— 
I960  

1961  
1962 1/ 

6.997 
7.738 
9.031 

10.614 
11.968 

13.662 
15.454 
17.751 
19.269 
21.804 

23.928 
24.835 
25.067 
25.298 
26.410 

28.688 
31.734 
35.620 
38.003 
41.682 

44.788 

70.786 
76.167 
84.571 
92.588 

101.071 
108.263 
114.923 
121.180 
126.439 

133.773 
139.476 
144.329 
149.957 
153.963 

158.813 
162.321 

65 
70 
70 
69 
72 

73 
72 
75 
73 
69 

77 
73 
65 
54 
70 

59 
81 
76 
75 
78 

79 

85 
97 
92 

91 
95 
94 
93 
96 

95 
93 

104 
103 
108 

107 
108 

74 
71 
75 
66 

72 
76 
70 
70 
83 

117 
148 
134 
111 
95 

95 
91 

121 
114 
101 

87 

55 
61 
77 
75 

69 
75 
81 
84 
90 

95 
99 
96 

105 
105 

105 
110 

20.6 
21.0 
21.3 
21.6 
22.0 

22.3 
22.6 
23.0 
23.6 
24.0 

24 .3 
24.6 
24.9 
25.2 
25.5 

25.8 
26.1 
26.3 
26.6 
26.9 

27.2 

26.3 
27.6 
28.8 
29.4 

29.4 
31-7 
35.1 
39.0 
40.9 

41.0 
43.5 
46.1 
46.5 
50.8 

53.2 
54.5 

6.511 
6.500 
6.492 
6.480 
6.471 

6.462 
6.458 
6.470 
6.512 
6.546 

6.681 
6.687 
6.748 
6.776 
6.814 

6.739 
6.636 
6.527 
6.441 
6.350 

6.293 

5.871 
5.803 
5.722 
5.648 

5.428 
5.197 
4.984 
4.798 
4.654 

4.514 
4.372 
4.233 
4.097 
3.949 

3.811 
3.688 

2.70 
3.33 
3.78 
4.16 
4.62 

4.99 
34 
,61 
,11 
.34 

6.68 
7.23 
7.86 
8.41 
8.66 

.51 

.15 

.57 

.34 

.64 

7.59 

8.69 
8.49 
8.18 

8.11 
7.78 
7.96 
8.10 
8.48 

8.76 
9.07 
9.38 
9.66 
9.97 

10.35 
10.72 

1.339 
1.995 
2.300 
1.966 
2.486 

2.520 
3.0Í36 
1.886 
3.233 
2.640 

1.336 
.541 
.548 

1.562 
2.932 

3.999 
5.481 
3.682 
4.070 
5.784 

7.834 

8.810 
10.930 
10.915 
10.408 

11.760 
9.732 

10.530 
8.151 

10.879 

9.758 
9.396 

10.419 
9.160 
9.500 

8.033 
7.630 

1/ Preliminary. 
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L.= lowest horsepower in size group 1. 

H.= highest horsepower in size group i. 

Tractor Horsepower on Farms 

Tractor horsepower available for farm use is "cne product of the 
number of tractors and the average size of tractors on farms.  The number 
of wheel and crawler tractors on farms is published by USDA (29) and does 
not include garden tractors.  These numbers are closely tied to the 
agricultural census data.  Annual sales of tractors to farmers are added 
to numbers on hand and estimates of numbers scrapped are subtracted. 
Rates of scrapping are initially estimated from the length of life as 
derived from periodic surveys of the number, size, and age of tractors 
on farms.  Adjustments are made in the scrapping rates so that the number 
of tractors on hand agrees with the number of tractors on farms in census 
years.  Recent estimates of tractors on farms are based on census numbers 
in 1959.  Scrapping rates are adjustments of rates obtained in a nationwide 
survey by USDA of farm machinery in 1956. 

Size of Tractors on Farms 

The average size of tractors on farms for each year was derived by 
multiplying the number of tractors purchased in any given year that are 
still on farms by the average size of purchases for the given year, and 
getting a total for similar purchases in the earlier years; this total 
is then divided by the total number of tractors still on  farms for the 
year in question and for earlier years. 

In equation form, this would be: 

«(t) 
d. "i"^ 

E N. 
i=a 

where 

S/, N = average size in year t. 

N. = number of tractors purchased in ith year that are still on 
■^   farms in year t. 

H  = horsepower per tractor purchased in the ith year. 
1 

a = the oldest year for which tractors still on farms were purchased, 

Crop Production 

The variable used to measure crop production was the index of all 
crops in the United States (1957-59 = 100) as published by USDA (29).  It 
is a composite of all agricultural crops and is a weighted aggregate of 
the constant dollar values for each crop.  The weights assigned 
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to each crop varied throughout the period.  Constant dollar values with 
1935-39 weights were used in the early years, 1920-40; 1947-49 dollars 
were used in the middle years, 1941-59; and 1957-59 dollars in the latest 
years, I96O-62.  The indexes were spliced between weighting periods by 
estimating both indexes for several years and then expressing all the 
earlier years as an index in terms of the latest weighting period. 

Price Variables 

The price variable is a ratio of tractor prices relative to prices 
received for farm products sold (constructed index of tractor prices 
divided by the USDA index of prices received for agricultural products 
sold, 1957-58=100).  It reflects the real change in purchasing power for 
farm machinery. 

The price paid for tractors is the single average of prices paid 
for tractors in four size groups over time.  This price change is nearly 
the same as that for all farm machinery.  The price of the tractors in 
each size group for individual years reflects changes in quality and 
quantity, and a shift to larger sizes within each group. Quality changes 
reflected in price include factors such as better materials that cost 
somewhat more than the older materials, like nylon as contrasted with 
cotton in tires.  Quantity changes include the many extras that are 
integral parts of the new tractors, such as hydraulic controls, power 
steering, and automatic transmissions. 

Apparent price increases in this analysis that are actually changes 
in quality and quantity are generally offset by changes in quality and 
quantity in the index of prices received for agricultural products sold. 
Both quality and quantity changes in agricultural products reflect the 
higher grade of food products being sold. 

Indexes of both prices paid for farm tractors and prices received 
for agricultural products sold are subject to error because of weighting 
systems of the quantities purchased and sold. 

In considering the demand for commodities—whether they be 
consumption goods or durable goods—prices of competitive inputs should 
be considered.  This would have to include some assumption about new 
technological innovations, along with associated prices for labor and 
horses.  In terms of this study, demand for tractor horsepower might well 
be influenced by prices of horses and farm labor.  They were not included 
in this study because it is difficult to assess the importance of changes 
in the prices of horses and farm labor as they affect purchases of farm 
tractors.  Even though the price of labor may rise less than the price 
of tractors, the greater increase in production per hour of labor still 
makes it profitable to exchange labor for tractors.  The substitution of 
tractors for horses began because the greater production possible per 
man more than offset the higher prices paid for tractors.  Thus, if real 
prices of labor and horses or ratios of these prices to tractor prices 
were included in a study of demand for farm tractor power, it is likely 
that their influence would be negative.  That is, tractor horsepower 
increased despite unfavorable price relationships because of the greater 
financial returns from increased production. 

Age of Tractors 

The average age of tractors in any given year was derived by 
accumulating the product of the number of tractors purchased in earlier 
years that are still on farms by the age of these tractors in the given 
year, and then dividing this by the total number of tractors still on 

35 



farms for the year in question and for earlier years.  In equation form, 
this would be: 

I   N.Y. 
i=a ^ ^ 

Nt) t 
^  .N. 

i=a ^ 

where 

A/, N = average age in year t. 

N. = number of tractors purchased in ith year that are still on 
^       farms in year t. 

Y. = age of tractors in year t that were purchased in ith year. 

a = the oldest year for which tractors still on farms were purchased. 

Number of Farms 

The numbers of farms are those published by USDA (28).  For earlier 
years they are interpolations between census benchmarks, and for recent 
years they are projections from the last agricultural census year, 1959. 
These projections are based largely on data obtained from rural carrier 
surveys.  After the results of the 1964 Census of Agriculture are 
available, the farm numbers between 1959 and 1964 will be revised if 
necessary.  Annual projections of farm numbers will again be made until 
information from the next census is available for further evaluation. 

The number of farms in this series reflects the change in definition 
of a farm in the 1959 Census of Agriculture.  Revisions were made back to 
1950.  These revisions had the effect of showing an accelerated reduction 
in the number of farms between 1950 and I96O. 

APPENDIX II:  NOTES 

Units of Observation for a Durable Good 

In the case of a durable good of the type which includes farm 
tractors, it may well be that periods of observation longer than 1 year 
might reveal additional information.  The entrepreneur's purchases of 
durable goods might well be based on decisions made over a period of time 
which is characteristically longer than 1 year.  If decision-making time 
periods are longer than 1 year and are exact intervals of 2 or 3 years, 
the researcher must select from one of two possible 2-year combinations 
or one of three possible 3-year combinations.  The combination having 
the highest R^ or the lowest standard error of estimate might be chosen, 
but some of the differences result from including and excluding different 
beginning and ending years.  Larger or smaller regression coefficients 
may add to or subtract from the explanation of changes in the dependent 
variable associated with changes in the independent variable.  Whether the 
coefficients become larger or smaller depends much upon the positions of 
the extreme values. 
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For this problem, longer time periods for each observation will 
generally yield larger regression coefficients.  For a given period of 
study, use of increasingly longer time periods for each observation reduces 
the number of observations.  A'S the number of observations approaches the 
number of variables, the standard error of the regression coefficients 
tends to get smaller.  When the number of observations is equal to the 
number of variables, the standard error will be zero.  Reducing the problem 
to these proportions is meaningless and does not affect the explained 
variation of the dependent variables unless there has been a change in 
the regression coefficients.  Thus, any time the number of observations 
is decreased so as to have observations with longer time periods, a 
reduction in the standard error of the regression coefficients does not 
make them more meaningful.  But changes in the regression coefficients 
with subsequent higher R^ and lower ratios of the standard error of 
estimate to the mean values might well mean that longer time periods could 
explain more of the variation in the dependent variable associated with 
changes in the independent variable. 

Interpretation of Additive Variables in Regression Analysis 

When the independent variables are additive, the dependent variable 
is expressed as a function of the sum of all the independent variables. 
In terms of this problem, each independent variable can change while all 
others are held constant.  Moreover, either the actual or the percentage 
change in the dependent variable, due to a corresponding change in any one 
of the independent variables, will be the same regardless of the level of 
the other independent variables.  Here  this assumes that tractor 
horsepower on farms could change by a constant quantity or percentage 
while all other independent variables are held constant.  This assumes 
also that the real change or percentage change in horsepower purchased 
associated with changes in horsepower already on farms will not be 
affected by the level of crop production, price of trr.ctors relative to 
prices received, size of tractors purchased, age of tractors, and number 
of farms.  Both additive and Joint relationships are examined here and 
it is fairly obvious that the independent variables might be additive 
either in natural numbers or in logarithmic values.  The same line of 
reasoning will make it nearly as obvious for the other variables. 

Multicollinearity and This Analysis 

If there is a high degree of multicollinearity in the data, it is 
difficult to obtain meaningful results with this model.  The absence of 
multicollinearity implies that the independent variables are not highly 
correlated with each other.  Two approaches were explored to compensate 
for high intercorrelation between the independent variables:  First, 
after determining which variables are closely related to each other, to 
include only one of the closely related variables in any one problem; 
second, to get first differences of the original data and then calculate 
the relationships, that is, the regression coefficients based on first 
differences. 

The first procedure, eliminating all but one of the intercorrelated 
independent variables, was not considered here because with their 
elimination the remaining variables would no longer describe purchases of 
tractors realistically.  It is hoped that the advantage of having these 
coefficients compensates for any lack in preciseness associated with them. 
The second procedure, getting first differences, was not used because one 
of the purposes of this study was to estimate the level of actual purchases 
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along with the factors that affected these purchases and the Influence of 
each of the different factors.  In using first differences, one would 
only get the the year-to-year changes in purchases and the related factors, 
with the influence of each factor related to the changes rather than the 
level of purchases.  In any event, the intercorrelation is not too serious 
when making projections if it is expected to continue into the future (17). 

APPENDIX III:  OTHER PROCEDURES CONSIDERED 

Several procedures considered for describing past and future changes 
in the number of tractors included Markov processes and a recursive linear 
programming technique.  The Markov processes were only applied to tractor 
numbers without considering a system of rewards.  The linear programming 
technique considered costs and described changes in costs, along with the 
effects of these changes on tractor purchases over time. 

Markov Processes 

Projections of tractors on farms were made by a particular appli- 
cation of a Markov process.  These projections are shown as an alternate 
procedure to the regression model for estimating changes in tractor pur- 
chases.  In working with Markov processes, structural relations are 
specified along with changes in these relations in some period in the past. 
The solution provides some clues as to possible changes in the overall 
structure in the future if the internal changes continue as they have in 
the past.  More specifically, as the problem is formulated here, it 
shows shifts in the number of farms with different levels of income 
reporting a-specified number of tractors.  The association of factors 
with changes is not a part of this model as in regression analysis, except 
where the variable to be determined may be enumerated in terms of one or 
more of the related factors. 

Here it is concluded that the assumptions inherent in Markov 
processes are such that the projections from them may not provide much 
insight into future changes related to changes in tractor numbers on^ 
farms.  The results are shown merely for purposes of comparison.  This 
discussion is presented to warn the readers that use of this method 
imposes severe assumptions.  The use of this statistical technique assumes 
that the probability of occurrence in any given time period depends upon 
the occurrences in the immediately preceding time period and that this 
dependence remains the same over time.  However, this does not mean that 
it must necessarily be independent of occurrences in earlier time periods. 

The problem as formulated here assumes that the probability of a 
farmer's having one tractor in the first time period and two tractors^in 
the second time period will remain constant over time.  Difficulties in 
aggregation are inherent.  These probabilities might ordinarily remain 
the same over time for a continuing trend in technological change when 
completely homogeneous groups are specified.  When nonhomogeneous farms, 
such as farms with different incomes, are combined in one group, the 
average probability for the group is made up of a wide variation of 
individual probabilities that vary with income.  For example, farmers with 
the higher incomes might have been buying their second tractor during 
the base period.  This would show a high degree of movement from one- 
tractor to two-tractor farms.  Most of the higher income farmers might 
have purchased their second tractor in the base period, and the 
probability that the remaining lower income farmers would purchase their 
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second tractor might be considerably lower.  It should be clear that this 
procedure becomes more realistic and useful when estimates are made for 
homogeneous groups and then aggregated to get a total. 

The particular kind of Markov process used here is known as the 
absorbing Markov chain.  Many excellent discussions of the mechanics and 
manipulation of this statistical tool are available elsewhere (3_5 Ij^, 15 3 
(19.). Earlier, studies using the Markov chain for analyzing market 
structure were limited to changes in internal structure (1, 18_) .  But 
recently some research workers have attempted to use this procedure for 
estimating changes in the total structure resulting from internal changes. 
These studies were limited to areas in which there was a decreasing number 
of farms.. However, in this analysis the increasing number of farms 
necessitates an additional assumption of the highest number of entrants 
available.  Different results are obtained, depending upon the number of 
entrants available. 

Organization of problem 

Roughly, the Markov process requires the construction of a matrix 
of probabilities Ctransition matrix) for some base period in the past. 
This matrix is multiplied by itself any number of times— say "n" times— 
to get a new matrix of probabilities in time period(n).  These new 
probabilities indicate the likelihood of being in a specified group after 
(n) time periods.  In this problem, for the farmers who had reported a 
specified number of tractors in the base period, these new probabilities 
indicate the likelihood of  having a specified number of the tractors after 
(n) time periods.  The result of multiplying these individual probabilities 
in time period (n) by the number of farms originally having this specified 
number of tractors is the number of farms now reporting this number of 
tractors. 

The transition matrix of probabilities for this problem was con- 
structed from the number of farms in four different economic.classes 
reporting a specified number of tractors in 195^ and in 1959Ctable 6), 
The number of farms reporting a specified number of tractors included 
those reporting either 0, 1, 2, 3, ^, or 5 or more tractors.  These 6 
groups for each of k  economic classes in 195^ and 1959 provide the 
information needed for constructing a transition matrix of 25 rows and 
25 columns.  The coefficients in the last row and first column account 
for farms going out of business or coming into being during the base 
period.  The 2d to 7th rows and columns include the number of farms in 
the lowest economic class reporting a specified number of tractors.  The 
8th to 13th rows and columns have similar information for the farms in 
the 2d lowest economic classes.  The l4th to 19th, and the 20th to 25th 
rows and columns contain the information for farmers in the next higher 
economic classes, respectively. 

The transition matrix used here was constructed by beginning with 
farmers in the highest economic class.  The number of farmers having 5. 
or more tractors in 195^ was subtracted from the number of farmers having 
5 or more tractors in 1959-  The additional f-armers having 5 or more 
tractors in 1959 were assumed to come from the same economic class as 
those who reported k   tractors in 195^.  It was assumed that the remaining 
farms in 195^ had 4 tractors and that none were added to these farms in 
1959.  The additional farmers having 4 tractors in 1959 were assumed to 
come from those having 3 tractors in 195^.  Except for the movement of 
farms from one  economic class to another, this procedure is followed to 
get all elements in the transition matrix. 
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Table 6.—Number of farms reporting a specified number of wheel tractors 
in the United States, by economic class of farm, 1954 and 1959 

Economic class 
of farm 1/ 

Less than $2,500: 
1954  
1959  

$2,500 to $4,999: 
1954  
1959  

$5,000 to $9,999: 
1954  
1959  

$10,000 plus: 
1954  
1959  

Farms reporting the specified number of tractors 2/ 

0 5+ 

1,693,469 869,377 101,612 
855,320 655,668 109,042 

194,824  429,822 159,975 
136,644  295,329 148,405 

75,410 287,408 277,131 
72,024  219,414  263,491 

12,290 
15,857 

2,470 
3,279 

1,961 
1,744 

22,336 
30,147 

3,685 
5,343 

1,323 
1,809 

55,092 
78,877 

9,005 
15,458 

2,883 
4,617 

A6,244  111,828  235,664  117,^76  39,570  32,166 
57,197  123,629  289,031  196,482  73,349  55,817 

1/ Value of farm products sold as estimated by the U.S. Bureau of the 
Census. 
2/ Agricultural census estimates. 

In several Instances, there was not a sufficient number of farms 
reporting a given number of tractors available from the farms in 1954 in 
the same economic class to fulfill the requirements for 1959.  This was 
because of the general movement of farms to higher economic classes.  In 
these instances, it was assumed that farmers with the same number of 
tractors moved up from the lower economic class to the next higher class. 

The numbers in the transition matrix (number of farms with a 
specified number of tractors in 1954 and 1959) are then converted to 
probabilities so that the sum of the probabilities in each row adds to 
unity.  This matrix is then squared, cubed, etc., to whatever time period 
is desired. 

The square of the matrix in this case gives probabilities of indi- 
vidual farmers having a specified number of tractors in the first new time 
period (t+1) after the base period, provided that they had a specified 
number in the initial year of the base period.  In this problem, for 
example, the probability element in the 25th row and 25th column of the 
transition matrix squared would be the probability that the number of 
farms with 5 or more tractors in 1954 still had 5 or more tractors in 1964 
The element in the 24th row and 25th column would be the probability of 
the number of farms that had 4 tractors in 1954 but 5 or more tractors in 
1964.  Each element in the matrix may be described in a similar fashion. 

Similarly, as the transition matrix squared gives probabilities of 
the farms having a given number of tractors in one time period after 
having had the same or a different number in some preceding time period, 
the transition matrix cubed gives results two time periods after the base 
period.  Here, the transition'matrix squared refers to estimates for 1964 
and the matrix cubed refers to 1969. 
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When multiplied by the original number of farms in the base period, 
these probabilities will give the number of farms reporting a specified 
number of tractors in some future time period.  These numbers of farms 
may be summed for all farms reporting 0, 1, 2, 3, 4, and 5 or more tractors. 
Then the total number of farms reporting a specified number of tractors 
can be multiplied by the respective number of tractors to get an estimate 
of the total numbers.  It was assumed that farms reporting 5 or more 
tractors in future time periods would have about 6.6 tractors per farm, 
the same as they had during the base period. 

Projected tractor numbers on farms 

The results of using this procedure with a 195^-59 base indicate 
that there would be nearly 6 million tractors on farms by late I969 or 
early 1970 and almost 7-5 million by late 1979 or early I98O.  By using 
the longer base 1949'-593 the increase in tractor numbers would be less 
rapid, but similar increases would be predicted for later years.  Also, 
by making different assumptions about movements of farmers from one 
economic class to another, it is possible to show both faster and slower 
increases in tractor numbers on farms than those shown above.  An alter- 
native assumption that projects slower increases in tractor numbers is to 
assume that farmers will continue to move from one economic class of farm 
to another in later years as they did during the base period and that the 
farms moving to a higher economic class of farm will have tractors in the 
same proportions as those that remained.  With this assumption, the 
number of tractors on each farm in the lower economic group did not affect 
the chances of an individual farm moving to a higher economic class. 
Higher results were obtained by assuming that farmers with more tractors 
were more likely to move to higher economic classes than those with fewer 
tractors.  Different results were obtained by assuming that farmers in all 
economic classes went out of business.  It was assumed that the largest 
number of farmers who went out of business were from the lowest economic 
classes and that progressively fewer farmers discontinued operations in 
the higher economic classes. 

Lower results (about 5.6 million tractors in I969) were obtained 
by solving the same problem without regard to economic class of farms.  By 
using regional data and disregarding economic classes of farms, about 5.5 
million tractors would be estimated to be on  farms in I969.  In all of 
these procedures with the data for tractor numbers and the way the problem 
has been formulated, the number of tractors would always increase until 
an equilibrium position had been reached. 

Tractor numbers on  farms would become stable at the equilibrium 
position.  This does not mean that farmers would not be moving from one 
group to another.  It means that movements in and out of different groups 
would tend to offset each other so that there would not be a net change. 
The equilibrium position has not been calculated here because little can 
be gained from its calculation. 

Similarly, matrixes can be estimated showing the mean time for 
which any one farmer would be in any one size group.  These mean times 
are not calculated here because they too offer little in estimating 
overall changes in tractor numbers. 

For purposes of projections, the internal structure of the problem 
is important only as it provides good information for the overall objective 
of getting an aggregate estimate.  Thus, mean times in any specified 
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size groups or the equilibrium positions are important in that they are 
a result of the overall structure of the problem, both internal and 
external.  Aggregate estimates can be no better than the compilation of 
the results of working with many estimates of the internal structure. 
However, errors of observation of the internal structure will tend to 
offset each other, so that an interpretation of the aggregate estimates 
may be more reliable than the individual elements in the internal struc- 
ture . 

In using Markov processes for making projections^ the research 
worker must use his judgment in deciding how useful or reliable the 
information may be.  For example, this procedure might be considered useful 
and quite reliable in projecting changes in farm numbers, farm size, and 
economic classification of farms.  Here it might be realistic to assume 
that farm numbers will tend to decrease and reach a plateau.  Likewise, 
farm size and the proportion of farms in the higher economic classes 
might be expected to continue to rise much as they have in the past.  This 
statistical technique can be very useful and is relatively easy to use 
for making such projections. 

Even when using the Markov processes for making such simple 
projections, it may well be merely an exercise in mathematics to calculate 
the equilibrium state or the mean time of remaining in any size group. 
One  need only look at past changes in, say, size of farms or farm numbers 
and he will soon realize that these factors will not stabilize in the 
long run because conditions will not remain as they were during the base 
period. 

It is much more illusory to use this statistical tool for making 
long-term projections of the demand for a durable good which is subject 
to the influence of technological innovations.  Again, we need only look 
at history to see that all new machines have been replaced by some other 
machine before their growth rate had evolved to completion.  In the case 
of tractors, the large 100-horsepower tractors are far different from 
their 30-horsepower power counterparts of 10 years ago. 

The statistical technique can serve as a guide to project short- 
term changes during certain intervals after some new technology or a new 
machine has been placed on the market.  It might be particularly useful 
in describing a growth curve in the middle stages if the problem is 
formulated properly.  It could very well be used in describing the adop- 
tion rates of a new technology such as hybrid seed corn.  It could also 
provide much information about the rate of adoption after the innovation 
has been accepted by some individuals and groups.  With information related 
to acceptance by certain groups and their relation to other groups in the 
population, it would be relatively easy to make a good projection of the 
adoption of the innovation.  This, in turn, would really be an estimate 
of the demand for the innovation. 

Derived tractor purchases 

The number of tractors purchased may be derived from the number of 
tractors estimated to be on farms.  Purchases must be large enough to off- 
set discards and to add enough tractors to the stock of tractors on farms 
so that tractor numbers on  farms will increase from what they were in the 
base period to what they are estimated to be at some time in the future. 
Using the estimates obtained earlier, tractor purchases would have to be 
large enough to offset discards between 1959 and 1969 and to add a million 
tractors to the stock of tractors now on farms. 



About 3h   million tractors would have to be bought by farmers be- 
tween now and 1969, if the projection of tractor numbers on farms In I969 
Is correct and If the discard rate continues In the same manner as It did 
In the late 1950's.  About 350,000 tractors, or twice the rate of current 
purchases, would have to be made annually between 1959 and I969 to fulfill 
this estimate.  By 1969 then, there would be about 5.7 million tractors 
on farms as compared with the earlier estimates of between 3.5 and 3-7 
million derived from the regression model. 

These projections of tractor numbers on farms in late 1979 or early 
1980 are obviously too high.  The results must be considered in terms of 
the assumptions of this procedure.  This process assumes that the proba- 
bility of occurrence in any given time depends upon the occurrence in the 
immediate preceding time period and that this dependence remains the same 
over time.  The usefulness of the Markov process, as applied here, to 
estimate tractor numbers on farms in the future is questionable.  It 
indicates continuing increases in tractor numbers on farms at a time when 
they have leveled off and are now declining. 

Recursive Linear Programming 

The description of the model considered here deals with recursive 
linear programming.  Technical presentations are available elsewhere 
(.7_5 ^) •  I^ general, for this problem recursive linear programming is 
a mathematical technique which can deal explicitly with the technical and 
cost aspects of tractor operations in all phases of production, harvesting, 
and marketing.  After technical coefficients have been developed, they 
are related to costs, income, and noneconomic variables by appropriate 
research techniques. 

The recursive programming technique seems well fitted for fore- 
casting within an economic framework.  To use this technique most effec- 
tively, the whole organization of the farm should generally be used. 
This would then measure inputs of all producer goods separately and in 
total, and allow for any interaction between inputs. 

For purposes of this discussion, recursive programming is the 
general linear programming problem which is static, but made dynamic in 
a special way.  This may be more easily understood if we begin with the 
general linear programming problem and then relate it to recursive 
programming.  The general problem consists of maximizing or minimizing 
some goal subject to a set of constraints.  In farm management, the goal 
is generally to maximize farm income with limited amounts of land, labor, 
and capital.  This type of model is static by nature, and the optimum farm 
program will mean a combination of resources that will give the most 
income.  If such a procedure were used over time, the solutions to the 
problem would be very erratic.  In other words, at the end of 1 year a 
farm might have 30 dairy cows and 10 hogs.  The next year, the optimum 
program might be 50 hogs and 5 cows, or maybe no hogs or cows at all.  If 
one is interested in Income for a given period or a series of years, a. 
procedure that considers the dynamics involved must be used. 

One dynamic procedure is to think of the period as a whole.  The 
problem then is to combine the resources in such a way that income for 
the period will be at a maximum.  This type of problem is known as 
dynamic programming and has the same kind of income equation as the static 
model, except that the income or profit coefficients are for the whole 
period rather than for an individual year.  Since the problem considers 

43 



the whole time, period, the constraints may be formulated as functions of 
the resources In the preceding year or years.  Thus, what It Involves Is 
solving a problem for a given time period In separate stages within the 
problem.  The resources available at each stage are dependent upon what 
has gone before.  For example. If a certain proportion of one * s Income 
for a particular year were to be used as capital for the following year, 
then with positive Incomes the restriction on capital would continue to 
Increase In succeeding years throughout the period studied. 

Increases In size of farm or In amount of labor could be handled 
by the same procedure.  This type of problem Is dynamic In that It In- 
cludes more than 1 year In the period studied.  It states how Income could 
be maximized for the whole period studied, with Incomes In succeeding 
periods related to preceding as well as succeeding years.  This two-way 
causal relation allows for adjustments which might be profitable In later 
years, but would not be adopted If budgets were made for Individual years. 
This type of problem Is subject to the old criticism that most farmers 
do not achieve maximum Incomes, and that for any given period we must 
begin from the present farm organization and make adjustments within 
reasonable limits In the direction that would be most profitable. 

The recursive programming models presented here are dynamic In 
that they progress from year to year and begin from the present farm 
organization.  Adjustments over time are made In the direction of 
maximizing Incomes, but are regulated according to certain functions 
determined by the research worker.  These functions might be estimated 
by regression analysis.  Thus, one might say that purchases of tractors 
depend upon tractor prices, prices of other Inputs, and prices of farm 
products.  Solutions from these simple or multiple relationships may be 
considered In a recursive programming problem by using sets of equations 
that would allow solutions within a specified range above and below the 
relationships determined by the regression analysis. 

In working a recursive programming problem, one can use all of the 
knowledge gained from the average relationships determined by correlation 
and regression analysis.  In addition, one considers the forces related 
to profit motivation In arriving at annual estimates of the unknown 
parameters—here, numbers of tractors on hand and tractor purchases. 

The possible use of recursive programming procedures for studying 
the demand for farm tractors was explored by several different approaches. 
One exploration Is shown below.  This exploration was rejected In the 
final analysis because of the lack of data.  An elaboration of this point 
follows. 

Specification of problem 

The problem outlined here Includes costs, quantity of tractors on 
hand, and purchases for farms of different size groups, each group having 
several sizes of tractors.  The tractors In turn are further grouped by 
age.  Thus, the smallest farms as a group may have several sizes of 
tractors.  Both the small and large sizes of tractors on small farms 
may be new, middle-aged, or old.  The same classification holds for the 
larger sizes of farms.  If farms were divided Into three size groups, 
each having three sizes of tractors In three separate age classes, there 
would be (3)^, or 27, different groups to consider.  Each of these groups 
will be represented by ah average organization.  These Individual farms 
are then aggregated to get area totals. 
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Whereas in many farm management studies the objective or profit 
function Is maximized, here a cost function for tractor operations will 
be minimized to reduce the size of the problem.  It Is assumed that In 
order for this farm to operate It must perform all the usual preharvestlng 
and harvesting functions for all crops.  Therefore, If a farmer could 
estimate the lowest cost of harvesting these crops, he would at the same 
time be making adjustments so that his Income from this Input could be 
maximized for the existing crop pattern.  This Is consistent with the 
marginal productivity theory of the firm which states that the firm should 
operate along the "expansion path" or line of least cost for producing 
each level of output.  The crop pattern Is taken as given, and here It Is 
assumed that the changes are Independent of the number of tractors. 

The cost coefficients will change each year and will represent the 
total cost of performing all the operations on all farms of a particular 
group with the given size and age of tractor. If all the work were done 
with that source of power.  The coefficient for each size group of farms 
Is the cost per farm multiplied by the number of farms In the size group. 
Between years, these costs will vary for a given size and age of tractor 
because of changes In the purchase price, operating costs, efficiency, 
technology, types of operations performed, and number of farms.  Changes 
In the number of farms for each size group will be made as shown by census 
data, and projected as required. 

The unknown In the cost equation Is the proportion of work that 
will be done by each size and age of tractor.  The sum of these unknowns 
for each size of farm will have to add up to 1.  Therefore, on the 
smaller farms, the first unknown Is the proportion of the work that will 
be done on all of the smallest farms by new tractors of the smallest 
size.  The next unknown Is the proportion of the work that will be done 
on all of the smaller farms by the smallest middle-aged tractors, and 
so on.  The value of the cost equation as such Is not Important with this 
formulation of the problem.  It Is only the relative values that will 
Influence the purchase of tractors. 

It remains to be shown how the cost equation Is related to purchases 
and numbers of tractors.  As has been stated, the cost of harvesting all 
crops on Individual farms by a particular procedure must be estimated. 
Then, numbers of tractors may be obtained by dividing this total cost by 
an average cost normally attributed to a particular size of tractor.  This 
cost per tractor will be the product of the cost per hour and the number 
of hours.  The cost per hour will be based on variable as well as fixed 
costs and will vary by the size and age of tractor.  The number of hours 
will be estimated from base period figures as determined by surveys In the 
area.  The number of tractors so estimated should approximate known data 
for any given year. 

Thus far, for each size group of farms and slze-and-age group of 
tractors we have estimated the number of tractors which are required to 
harvest these crops for some base year.  The decision must still be made 
as to replacements and additions over time.  Prom one year to the next, 
the number of tractors on hand In the first year, plus the number 
purchased, minus those being scrapped or moving Into another age group, 
will equal the number on hand the following year.  This relationship 
was built Into the model In this form by stating It as an equality.  In 
other words, this condition must hold. 
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The numbers of used tractors in different age groups are functions 
of the purchases of these tractors in earlier periods.  That is, the number 
of 25-horsepower tractors that might be considered to be in the medium age 
group would be the number of tractors purchased 4 to 8 years previously, 
less those scrapped.  Likewise, the number of old tractors would be the 
number of tractors purchased 12 to 15 years earlier, minus those scrapped. 
This way, depreciation may be built into the model as a discrete frequency 
distribution of the step-function type rather than a single figure. 

The number, age, and size of tractors on farms as estimated in this 
problem are such that the cost of doing all the operations required to 
harvest the crops normally grown on these farms is the least possible 
within certain limitations.  Changes in optimum tractor numbers from year 
to year are due to changes in price relationships, changes in technology, 
and changes in age and size distribution.  This optimum number of tractors 
is usually not realized in any given year because farmers are not willing 
or able to make the changes.  Changes in numbers from one year to the next 
are res-tricted in this problem by a set of equations on the basis of 
historical changes resulting from similar forces.  In the past these forces 
encouraged shifts in the number of tractors per farm related to crop 
production per man-hour.  This is considered in the problem by including 
another set of equations limiting changes in number of tractors within 
a specified range above and below the number of tractors expressed as a 
function of crop production per man-hour in the previous year.  Thus far, 
within these relationships, number of tractors of a given age and size 
for any year will be the number with which the crop acreage can be 
harvested at the lowest possible cost. 

The actual number of tractors on hand in any year will depend upon 
beginning inventories, purchases, and scrapping.  Over time, purchases 
must be great enough to replace old and worn-out tractors and to add more 
new tractors to take advantage of less costly and easier ways of harvesting 
crops.  The level of purchases for any input depends not only upon the 
state of innovation and available capital but also upon changes in tech- 
nology. 

For any given year, purchases may fluctuate because of changes in 
prices of tractors, products, other factors, and so on.  All these factors 
affect gross income.  These ideas are considered here by assuming that net 
purchases are expressed as a function that will vary directly with income 
in the preceding year or two and inversely with the number of tractors on 
hand, and that replacement will be equal to depreciation unless net 
purchases are negative.  This concept is included in the problem by adding 
a set of equations that place upper and lower limits on the purchases of 
tractors.  Within these limits, annual purchases will be the additions 
needed to harvest the crop acreage at the lowest cost if, and only if, 
this is consistent with the aforementioned historical relationship and the 
number of tractors expressed as a function of crop production per man-hour 
the previous year. 

Complexity of recursive programming approach to this problem 

This procedure for investigating the demand for farm tractors was 
not used because the data requirements were enormous.  To determine the 
demand for farm tractors in the United States, some kinds of typical farms 
would have to be constructed for all of the type-of-farming areas.  The 
number of farms required for each area would depend on the number of farms 
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having similar proportions of resources and costs of production. A detailed 
discussion of the requirements for proportionality in the resource require- 
ments and in the objective functioning of linear programming problems ap- 
pears in the Journal of Farm Economics C8).  Little is known of the effects 
of using farm organizations that deviate from constant proportions. 

For each type and size of typical farm, the cropping pattern would 
need to be determined.  Adjustments in the cropping pattern over time 
would be made toward those crops returning the largest profits.  Errors in 
the estimates of cropping patterns would not change the solution if they 
affected only the levels of costs and relative costs for harvesting crops. 

Data requirements 

The data required include inputs such as fertilizer, seed, spray 
materials, etc.  They also include estimates of production for the various 
input levels or categories.  Prices are needed for the inputs for all the 
factors of production of individual inputs and also of all goods and prod- 
ucts sold.  These data are required by regional areas or for typical 
organizations within an area.  The solutions one gets to these problems 
depend upon the input levels of the various inputs.  Errors in these 
estimates are generally ignored in solutions of problems to date.  Currently, 
most problems have been used for the analysis of supply response.  This 
means they have been used to estimate changes in livestock numbers and 
crops.  Many^of these broad general solutions have concentrated on the 
area approach rather than the individual farm approach.  However, it is 
argued that flexibility constraints be included to reflect adjustments for 
individual farms in a specific area.  In setting up these programming 
models, different levels of technology are used so that the solution will 
have the most profitable level of technology.  This level will change 
over time, depending upon changes in input and product prices.  It has 
been shown that small changes in the level of technology have not affected 
the solutions. 

Since it has .been shown that small changes in technology will not 
affect the recursive programming solutions, it is doubtful that such a 
problem can be sensitive enough to estimate changes in the use of various 
technologies on farms.  This is especially true since many farmers buy 
tractors and farm machines for reasons other than to maximize their profits. 

To study the demand for farm tractors and other farm machinery, or 
for that matter other durable inputs, would require models of typical 
farms or area models of the United States for many different farms under 
various operating conditions.  Now that the direction of agricultural 
research is such that these kinds of farm organizations are being con- 
structed, they might prove to be useful for inserting vaMous technolog- 
ical changes in farm practices so that one could see the effect on income. 
Or by including these activities showing different rates of technology, 
one could also see the different adjustments and rates of adjustments of 
cropping patterns and income over time.  When these models are available, 
this study may be further explored to determine its usefulness in answering 
the question being raised here. 

One way of considering the alternative technologies and the di- 
rection and rate of adoption would be to include all possible alternatives 
such as plowing, disking, harrowing, planting, and cultivating for each 
of several crops.  This would result in a selection of the machines over 
time which would contribute to higher incomes.  This procedure, if applied 

^7 



to only one farm practice, would result in an enormous problem.  The appli- 
cation to several practices would be unthinkable. 

Another procedure would Involve the selection of the least-cost 
combination of machines which could be used for crop production In the 
last several years.  With the Inclusion of flexibility constraints In the 
problem and by obtaining a series of solutions over time, an adjustment 
path would show changes In types, sizes, and numbers of machines.  This 
problem might be worked Independently from the rest of the farm plan, but 
the results could be Included In the construction of flexibility constraints 
for the overall model.  With a preliminary solution of the overall model, 
the above procedure could again be used for obtaining new estimates of 
machinery based on the new crop rotation. 
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